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THE ROENTGENOGRAPHIC PATHOLOGY OF 
PULMONARY TUBERCULOSIS 


INCLUDING A DESCRIPTION OF TISSUE CHANGES AS REVEALED 
BY SERIAL STEREOGRAMS AND A CRITICAL STUDY OF 
THE CLINICAL BEARING OF THE MUTATIONS 
OF DESTRUCTION AND REPAIR 


J. BURNS AMBERSON, Jr. 


Loomis Sanatorium, Loomis, New York 


INTRODUCTION 


The sphere of roentgenoscopy in the diagnosis of pulmonary tuber- 
culosis has been established. It is true that in some quarters faulty 
technique and unwarranted interpretation still falsely engender doubt 
and obstruct the wider use of this reasonably dependable diagnostic aid, 
but experience has defined interpretative standards which to the enlight- 
ened are secure. However notable has been our advance in the develop- 
ment of the diagnosis of morbid conditions of the lung by this means, 
it is equally striking that opportunities for the study of the disease from 
its inception through all the phases of tissue destruction and repair | 
have been neglected and that the science of roentgenoscopic pathology f 
of pulmonary tuberculosis through comparative inattention has had Ee 
too slow a growth. For years the clinician’s complaint has been that no 
method at his disposal can accurately trace those finer anatomical and 
immunological changes that mean so much in treatment and prognosis, 
while the pathologist laments that at the autopsy table he sees only the 
end result of the disease. For both the clinician and the pathologist ‘ 
there is an available mode which, if pursued, will yield much if not all 
of the information sought. By means of serial roentgenograms the 
mutations of destruction and repair may be depicted at desired intervals 
for months or years. The evidence is not microscopic; but no other 
art can ever reveal much of the macroscopic data that this form of 
biopsy affords. The method has been put to use with great advantage 
in the study of such acute respiratory infections as pneumonia; but the 
roentgenologist has lagged in appreciating its applicability in tuber- 
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culosis, largely because of the length of time of observation necessary to 
note the gradual changes. This should not be a hindrance in sanatoria 
where patients reside for long periods; and the time is at hand when the 
competent internist must be a master of the roentgenoscopic pathology 
of the lungs. He must develop the science for its own sake and must 
be able to interpret tissue changes as clinical fact for, as Waters (1) has 
recently pointed out, anatomical alterations may precede gross changes 
in symptoms or physical signs by a considerable time. Various observers, 
Heise and Sampson (2) among them, have correlated X-ray shadows, 
physical signs, serological data and symptoms. The contributions have 
aided materially, but most of them have dealt only with the status 
praesens; and just as the really valuable thing in the therapeusis of 
tuberculosis is a running clinical record, so sooner or later must be added 
a serial roentgenoscopic record. 

This communication aims to present a brief description of destruction 
and repair in pulmonary tuberculosis as revealed by serial stereograms, 
to point out what is typical of each and to designate certain criteria 
applicable to the interpretation of changing roentgenographic shadows. 
In addition, it presents a study of groups of cases illustrating destruction 
and repair, respectively, and using this as a basis attempts to draw cer- 
tain conclusions as to the clinical bearing of given tissue mutations. 
The study is the outcome of certain suggestions made by Waters in the 
paper (1) already referred to. 


PART ONE: DESCRIPTION OF TISSUE CHANGE 


The roentgenoscopic study of tissue change in pulmonary tubercu- 
losis may well be separated into two general divisions dealing respec- 
tively with (1) destruction and (2) repair. 

Under destruction is included the processes of growth of tubercle, or. 
infiltration and caseation, consolidation and cavitation. By repair is 
meant localization, delimitation, fibrosis, calcification and contraction 
or obliteration of cavity. In each there are secondary accompaniments 
and extrapulmonary phenomena to be mentioned, according to their 
importance. For the sake of completeness restatements of certain well 
known facts are included; but it is assumed that the fundamentals of 
diagnosis are familiar. The descriptions concern the ordinary chronic 
types of disease. 
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ROENTGENOSCOPIC PATHOLOGY 


1. DESTRUCTION 


a. Infiltration. Active infiltration, which is the beginning of all 
chronic pulmonary tuberculosis, is usually first observed as a change of 
the normal trunks and linear markings of the lung field, so that they 
present what has been described as the ‘‘budding twig” or ‘‘pussy 
willow” appearance, most often adjacent to or above the hilum, or as a 
light, cottony density near the periphery above the third rib. Extend- 
ing about the latter and leading from it to the hilum may be noted a 
prolongation, multiplication and fuzzy accentuation of the trunks, a 
pathological appearance usually accepted as “‘hypervascularization.” 
At the same time the hilum partakes of the “hypervascularization” 
and, at times, also of the infiltration, so that, in addition to old, well 
circumscribed densities, it often partly or entirely loses its original 
contour and shows a widening, general accentuation, morular nodula- 
tion and indefiniteness of outline. Over all there may be a light haziness. 

At this point it is well to interject the statement that, in the very 
early stages of the disease, reliance should not be placed solely on roent- 
genoscopic diagnosis to the exclusion of clinical observation and repeated 
physical examinations. The roentgenogram may clearly exhibit the 
existence of tubercle, but oftentimes only symptomatic and physical 
data will prove whether this is clinical as well as anatomical. Gener- 
ally, roentgenoscopic evidence of advancing tubercle signifies clinical 
activity and serial pictures may be especially valuable at the onset. 

Progressing. from this incipient stage, the stereogram shows what 
may be termed in the same figure an efflorescence of the ‘‘ budding twig,” 
the trunks becoming more accentuated and fuzzy, and the “buds,” 
losing their discreteness and becoming more dense and more like puffs, 
gradually coalescing with the neighboring shadows. Or the cottony 
densities may multiply at the periphery and gradually encroach upon 
the lung toward the hilum until the upper third or half of the field is 
heavily mottled and the hilum loses its identity in the obscuring shad- 
ows. Such mottling may vary from scattered, small fuzzy densities to 
any degree of confluence of these densities, when it may properly be 
interpreted as bronchopneumonic or pneumonic consolidation. Dun- 
ham’s investigations (3) have convinced him that the typical shadow of 
tuberculous infiltration occurs as a cone, with its apex toward the hilum 
and its base toward the periphery. Typical mottling has been variously 
described, but it resembles most closely cirrus clouds which so often 
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break the homogeneity of an otherwise clear sky, and it seems appro- 
priate to designate this appearance as cirrose clouding. [If still progres- 
sive, this infiltration extends downward and outward from the hilum, 
while the clouding in the upper third becomes more dense and confluent 
apace. The mottling of least intensity is in the lower quarter where 
only a slight fuzzy studding of the descending trunks may be seen. 
(Series 1, figures 1 and 2.) 

- The more unusual types of hilum and lower lobe tuberculosis spread, 
often as a sunburst, from the hilum while the apex remains clear. A 
pneumonic type, with the axillary triangle, has been described. The 
mode of progression is from the hilum toward the periphery. 

The rate of progression of active infiltration follows no known law 
and depends on the degree of chronicity of the disease and factors of 
immunity. The conversion from a few “budding twigs” to general 
cirrose clouding may occur in a few weeks; usually it requires from sev- 
eral months to a year or more. When it occurs alone, without cavita- 
tion, the spread is more rapid and the lung field is often heavily mottled 
within.a space of weeks. The hilum type is also usually more rapid in 
its extension. In the average case of chronic ulcerative disease the 
gradual infiltrative change may be detected in serial pictures at monthly 
intervals. : 

b. Caseation. There is no definite line of demarcation between the 
shadow of dense infiltration and that of beginning caseation. Dun- 
ham (4) has pointed out that caseation casts the densest shadow next to 
calcification. So in progressive disease it is to be assumed that the 
gradual deepening of the density of an area of established consolidation 
is to be interpreted as caseation. While the periphery of the cirrose 
cloud widens and coalesces with the adjacent shadows, its centre more 
nearly approaches opacity and there is established a stage of destruction 
which is the precursor of encapsulation, calcification or colliquative’ 
necrosis. Here again the time intervening between the degeneration 
of the conglomerate tubercle and the formation of detectable caseation 
is variable. The transition at its inception cannot be recognized; but 
it may be said that serial roentgenograms will show change from infil- 
tration to caseation in one month or longer, rarely ina shorter time. In 
progressive disease the kernel of caseation widens and includes more and 
more of the cirrose cloud, but the extension of the infiltrative process is 
more rapid than the spread of caseation. In serial pictures showing no 
extension of infiltration, caseation may nevertheless gradually replace 
preéxisting areas of mottling. 
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ROENTGENOSCOPIC PATHOLOGY 5 


c. Cavitation. The rarefaction or excavation of a caseated area can be 
traced more readily. In two weeks or a month a dense and recogniz- 
able shadow of caseation may be seen to gradually melt away. Assum- 
ing such an area of cheesy degeneration to be undergoing colliquative 
necrosis, its centre becomes progressively less dense, it may take on 
the ‘‘bread crumb” or “‘honeycombed” appearance, or there may be a 
uniform fading of the centre of the density until the only remaining 
evidence will be a high light or an area of rarefaction, surrounded by an 
annular cloud which was formerly the periphery of the caseated kernel. 
‘This is the typical ring shadow interpreted as cavity. Where there 
have been extensive consolidation and caseation, one or more such well 
defined shadows may appear in a month, or the entire area may become 
riddled by tiny high lights of rarefaction until its appearance is that of a 
honeycomb. Many times the process is confined to one lobe, and by a 
continued rarefaction and merging of ring shadows the entire lobe may 
become a giant cavity traversed by a network of vessels and fibrous 
bands which cast quite definite shadows. 

In a few instances a ring shadow may extend through what appears 
to be normal lung tissue without consolidation. The probable reason 
is that infiltration and necrosis take place simultaneously with little or 
no collateral inflammation. 

In the majority of cases, just as with earlier destructive processes, 
cavitation proceeds from above downward and its onward march follows 
a typical course. Assuming cavitation to start at the apex or in the 
first interspace laterally, two of the more common sites, with consoli- 
dation and caseation below it, smaller rings will be seen to form nearer 
and nearer to the hilum. As they form they merge with the original 
ring which extends its border inward to the hilum and downward to 
the interlobar fissure. (Series 2, figures 1and2.) In progressive disease 
this occurs so frequently that the ultimate appearance may often be 
predicted with accuracy. The total excavation of an upper lobe usually 
requires a year or more. It must be remembered that the lung may 
become riddled with cavities in a space of weeks, but this is uncommon 
and, in the relatively benign and chronic disease as we see it, the destruc- 
tive process advances slowly over months and years so that its muta- 
tions must be followed for a long period of time before the end result is 
seen. 

The roentgenologist may often hazard a guess as to the degree of 
chronicity or acuteness of the disease from the appearance of the serial 
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pictures. Bushnell (5) writes, “Cavity has been regarded as a sign of 
immunity but this is true only of the cavity which is encapsulated with 
fibrous tissue. It is not the presence of a large broken-down focus 
which constitutes a sign of immunity but the thick, fibrous walls by 
which said focus has been enclosed.” Conversely a large honeycombed, 
nonlocalized area of caseation means poor immunity, for we know it 
will almost surely go on to further destruction, while a clean-cut, heavy- 
walled, well circumscribed cavity that shows no change under the 
X-ray in a month usually indicates a well established immunity. 

It is to be remembered that all destructive changes may proceed 
simultaneously and that in two pictures taken at a month’s interval 
every phase of destruction may be visualized. It is equally true that 
destruction must precede repair and that both phenomena, merging 
one into the other, may often be studied in the same lung field. 


2. REPAIR 


The initiation and completion of the repair of lung tissue damaged by 
tuberculosis is much slower than destruction, unless the latter is retarded 
by the simultaneous development of fibrosis. Repair can also be 
studied to greater advantage by roentgenography, for the deposit of new 
tissue and new salts with the secondary mechanical changes can be 
depicted vividly, whereas the phases of destruction so often can be 
detected only at their completion and not during the transitional stage. 
While the autopsy may show in a single specimen every stage of destruc- 
tion in its proper sequence and inferences may be drawn as to what 
went before, only serial roentgenograms can reveal whether a given 
cicatrix represents the site of an obliterated cavity or a healed patch of 
bronchopneumonia. By no other method can be accurately divined 
just what vicissitudes of “hypervascularization” and infiltration have 
preceded the development of the web of scar tissue or how extensive 
the caseation that has antedated the calcareous deposit. Likewise 
the time interval can be more accurately gauged. Given a certain 
picture showing repair, it is often possible to set the minimum age of the 
lesion. 

As an aid in determining the effect of treatment and in making a 
prognosis, the study of reparative changes in serial pictures is most 
invaluable; probably more so than a like study of degenerative changes. 
In point of time and accuracy the method is in many cases far superior 
to physical examination. 
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The phases of repair can be arbitrarily and conveniently divided into 
(a) hilum transformations, (b) clearing, a term of special significance as 
used here, (c) fibrosis, contraction or obliteration of cavity and (d) 
calcification. 

a. Hilum transformations. These transformations are often striking 
and in healing disease the differences may be detected within a month. 
Usually however the transition is gradual and occupies from six months 
to two years before a permanent picture is established. As noted above, 
in active, destructive disease there is a hilum that is widened, accen- 
tuated, mottled or broken, often studded with puffy, bulging nodules 
(presumably tubercles or hypertrophied lymph nodes) and usually of 
an indefinite, hazy or fuzzy outline. The latter is sometimes indis- 
cernible. This appearance, partly or in its entirety, obtains even 
though the diseased area may be at a distance and near the periphery. 
As repair ensues it may be noted that within a month’s interval the 
general puffiness subsides and the hilum outline becomes sharper and 
clear. (Series 5, figures 1 and 2.) Gradually thereafter there is con- 
tinued contraction of the shadow, and studding and nodulation shrink 
to smaller dimensions and often become transformed into calcification. 
Shoots of fibrous tissue may spring from it and the entire structure 
assumes a compactness that is distinctly in contrast to the surrounding 
shadows. If such a metamorphosis is observed in a series of pictures 
where there has been evidence of a previously active lesion, it is safe to 
assume that the local disease is approaching or has attained the stage of 
quiescence and chronicity or even permanent arrest. Hilum changes 
embody a dependable index of the degree of progression or retrogression 
of the adjacent disease and are subject to prognostic and pathologic 
interpretations’ which no pulmonary roentgenologist can afford to 
ignore. 

b. Clearing. This is a term that best describes a certain phase of 
repair of tuberculous infiltration and applies to transmutations in 
mottling or cirrose clouding and the surrounding fuzziness of collateral 
hyperaemia; in short, decongestive changes preceding recognizable 
fibrosis. (Series 5, figures 1 and 2.) Here again the change may be 
detected by serial roentgenography within several weeks or a month, 
although the process may continue over years. At first there is a 
disappearance of the general haziness and fuzziness, and the mottling 
and cirrose clouding lose their soft, cottony outlines and begin to exhibit 
a compactness very similar to that described in hilum changes. Follow- 
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ing one of these clouds through a series of pictures, it will be seen to 
gradually retract its borders, while its centre becomes more dense and 
its outline more sharply circumscribed. In formerly active lesions 
becoming quiescent the most striking changes in this direction are noted 
in the first six to twelve months. During the subsequent years the 
shadows become smaller and more compact and finally their only remain- 
ing vestiges may be irregular, but well defined, stellate densities of vary- 
ing size—a little studding, a fine stippling—or they may entirely fade 
out. These mutations are invariable signs of repair and, if there are no 
cavities and no other complications, they indicate quiescence and heal- 
ing. In permanently arrested disease the shadows last described are 
the enduring sequelae of a specific and availing immunity. 

There is a special form of clearing which deserves mention. It is the 
replacement of clouding and mottling by tiny ringlets, apparently 
representing a confinement of the process to the peribronchiolar stroma. 
The appearance is relatively uncommon and is observed only in roent- 
genograms made with perfect technique. The ringlets, having walls 
up to 1 mm. in thickness, measure from 1 to 5 mm. in diameter, are 
closely aggregated and are mingled with heavy, well circumscribed 
studding, a different aspect of the same phenomenon. We have never 
observed this appearance except where the disease is retrogressive and it 
may always be interpreted as an accompaniment of repair. 

c. Fibrosis. Fibrosis is a phase of repair which can often be studied 
quite minutely in serial stereograms. It may give rise to several forms of 
shadows. Often in an apex that has been previously mottled there may 
be seen the development of homogeneous clouding, a part of which is 
usually pleural thickening but, when accompanied by clearing and fad- 
ing of the mottling, may be taken as fibrosis of the diseased area. In 
extensive lesions the clouding may become general and at places merge . 
into a total opacity denoting diffuse massive fibrosis and pachypleuritis. 
In such an event there is retraction of the mediastinum, heart and 
trachea and diaphragm and, lastly, chest wall. <A less frequent type of 
pleural thickening is that which follows the interlobar fissures, giving 
rise to thin bands seen first at the hilum and following the expected 
course to the periphery. (Series 1, figure 2.) 

Extrapulmonary fibrosis, when not massive, may ‘appear duie 
destruction or repair as diaphragmatic adhesions, manifested in the 
secondary mechanical effects as a rugosity, roughening, or actual 
peaking of the leaf of the diaphragm and less often as an obliteration of 
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the phrenicocostal sinus. Pericardial adhesions may be conspicuous as 
a roughening and obscuration of the normal outline of the cardiac stripe 
and an obtuseness of one or both cardiophrenic angles. Except in 
primary pleurisies these effects occur subsequently to intrapulmonary 
changes and they may be traced from their very start in serial roent- 
genograms. 

The most striking type of intrapulmonary fibrosis is that which 
springs from the hilum in the form of easily recognizable densities, best 
seen where the lesion is confined to the upper half of the lung. As the 
mottling clears and shrinks, the accentuated and multiplied trunks which 
radiate from the hilum are seen to become thinner, more dense and more 
clearly cut. This change continues until there remains a reticulum of 
intertwined, wavy lines radiating from the root. (Series 3, figures 1; 2 and 
3.) The lines are heaviest at the hilum and fade out near the periphery; 
in time these grow more dense and the general network more closely 
woven until they may form a compact band. Or there may be seen a 
deepening of the density of the mottling, along with the general clear- 
ing, until the shadows become more or less discrete and shrink to mere 
fibrils with their longer axes radial to the hilum. Another quite typical 
appearance is the actual sprouting from the hilum of a thin, dense, 
tendrillar shadow which pushes its way peripherally along the course 
of one of the trunks or linear markings. A combination of these strands, 
oftentimes innumerably, may gradually enclose and entangle the shrink- 
ing areas of mottling and press them into progressively narrowing con- 
fines. (Series 6, figures 1 to5.) Such transformations are always seen first 
in the upper third of the field and, when well developed, may be confined 
to the upper lobe so that the lesion is delimited by a dense band with 
sharply defined lower border extending from the hilum to the periphery 
behind the second or third interspace. Concomitantly there is a general 
retraction of the lesion upward, so that within six months or a year 
after such a change has started, a band of fibrosis first noticed at the 
third rib may be seen tucked up behind the second. ‘The result of such 
retraction, more or less extensive, may sometimes be visualized as a 
‘closed fan.”’ Often the lesion becomes sharply localized above the 
interlobar fissure. 

The fibrous organization of consolidated tissue which does not undergo 
extensive softening occurs as a slow replacement of the dense cloud by 
heavy bands extending from hilum to periphery. The fibrosis is diffuse 
and eventually becomes shrunken and reduced in size. (Series 4, figures. 
1, 2 and 3.) 
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Clearing, in addition to representing decongestive changes, may mark 
the very beginning of fibrous deposit; at least, it is the direct precursor 
of fibrosis. The latter is slower in its development. Within a month 
after clearing has started the inchoate tendril of scar tissue may be seen 
budding from the hilum, but usually two to six months under best con- 
ditions elapse before the new deposit can be identified. If the original 
lesion is well developed serial pictures will show continued and well 
marked changes during the next year, after which fibrosis is usually 
fairly dense and not likely to change form so rapidly. Once its maxi- 
mum density is attained and there is no recrudesence of disease, the 
markings are permanent. In older persons, in whom as a rule disease 
is more chronic, fibrosis is usually more gradual and at the same time 
more dense. 

d. Contraction and obliteration of cavities. The rarefaction of caseated 
areas may sometimes be viewed as a phase of repair, but from the roent- 
genologist’s standpoint this seems more properly a destructive phenom- 
enon and has been described under that head. The cavity, once formed, 
may also be subject to repair. But the prerequisite of such repair is 
fibrosis, so that before healing is established one may see a gradual 
widening of the ring and its fusion with other similar shadows. (Series 
6, figures 1 to5.) Ultimately, if arrest is to occur, the rate of this widen- 
ing slackens while the wall of the ring becomes more dense and the 
collateral haziness begins to clear. The annular shadow may remain 
stationary for months as the surrounding shadows interpreted as fibrosis 
deepen. Then a contraction of the ring begins, usually equal in all 
directions but at times irregular. Simultaneously fibrosis increases in 
compactness, and there is a quite apparent effort at localization of the 
diseased area. With large cavities the process may be very slow and 
finally stops but, contrary to the general impression, small and moderate. 
sized cavities may become completely obliterated, in which event the 
ring shadow is almost always in an upper lobe and solitary. The single 
ring may be the result of the fusion of two or more smaller rings, but 
only rarely have we seen the obliteration of a cavity where there were 
others adjacent. Obliteration is accomplished by a progression of the 
changes described above until the site of the former cavity is marked 
only by a small, fibrotic deposit and calcific density, or a heavy clouding 
of an apex subtended by a ‘‘closed fan” springing from the hilum. 
(Series 7, figures 1, 2 and 3.) 
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The mechanism of contraction of cavities, it must be emphasized, is 
secondary to the shrinkage of surrounding fibrous tissue. Where 
obliteration is noted it is probable that the cavity walls become approx- 
imated and adherent. Occasionally closure may be only apparent, for 
we have observed one case where, after a few months, the cavity reopened 
but there is good evidence that genuine and permanent obliteration 
occurs occasionally, though not frequently. Incidentally it is to be 
said that, but for serial stereograms made over a period of years, this 
phenomenon would never have been appreciated. 

Cavities are relatively slow to contract and disappear and this slow- 
ness is one of the points of differentiation between real cavity rings and 
spurious annular shadows. ‘The time required depends on the factors of 
size and age of the cavern, amount of fibrosis and general appearance of 
the lesion. Naturally, the larger the cavity the longer time needed for 
its obliteration. The largest cavity we have ever seen completely 
obliterated measured four centimetres in. diameter in the roentgeno- 
gram and required two years and four months under ideal hygienic con- 
ditions for its closure. The older the cavity and the heavier its wall 
when first observed the more rapidly will it contract. As previously 
noted, contraction presupposes fibrosis, so that the rate of reduction in 
size will be more rapid if there is well established and progressive repair 
(clearing and fibrosis) in other parts of the lung field, including the 
hilum. The rate of contraction or obliteration is apparently not accel- 
erated by any extraneous means except the routine hygienic treatment 
or compression of the cavity by pleural effusion or pneumothorax. 

e. Calcification. This is not usually a prominent part of the picture 
of repair. When present it signifies a well established stage of repara- 
tion but it is often confined to such small areas that its effectual partici- 
pation in the healing processis limited. It has been shown pathologically 
(6) that calcification occurs only in deposits of caseous material, at first 
as a finely scattered dust of calcium and magnesium salts. As might be 
expected, therefore, its development is observed in serial roentgenograms 
as a gradual deepening of densities interpreted as caseation; occasionally 
it is seen in the midst of fibrous deposits. In childhood calcification is 
seen most frequently at the hilum, whereas in adults it develops most 
often at the site of the oldest and most degenerated lesion which is 
usually in the upper lobes. As a homogeneous, fuzzy density, inter- 
preted as pulmonary or glandular infiltration, clears, becomes better 
circumscribed and contracts, its centre often gradually grows more 
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nearly impenetrable. The contraction and condensation continue 
until there remains an opaque nodule with sharply cut borders and 
standing out in contrast to adjoining shadows. Most often they are 
spherical but they may be morular, vermiform or irregular and jagged. 
Frequently solitary, they may appear closely aggregated in the upper 
lobes though less numerous in the lower part of the field. 

The development of calcareous infiltration may be detected in six or 
eight months after repair has begun but it is usually two years before 
the metamorphosis of a given area in the adult lung is complete. At 
the hilum of a child, calcification may become well established ina 
year. Once the opaque nodule has formed, it remains permanent in its 
appearance and represents the ultimate stage of repair. Later it may 
be expelled through an ulcerated bronchus, but the roentgenogram has 
never demonstrated the absorption of calcific deposits. 

Clearing marks the onset of repair and is significant of the predom- 
inance of the resistance of the host over the toxicity of the invader. 
Calcification is a supreme and concentrated effort at repair. Fibrosis 
is a desideratum, but fibrosis with obliteration of solitary cavity is the 


summum bonum of all repair. 


PART TWO: CLINICAL BEARING OF TISSUE MUTATION 


In addition to affording a means of studying macroscopic pathological 
change, serial stereograms are of vast importance from the purely 
clinical viewpoint, for there is no other single method of equal accuracy 
capable of informing the clinician of the anatomical mutations under- 
lying a given symptom referable to the pulmonary lesion. The falli- 
bility of physical signs is common knowledge; indeed, there is no one 
sign that can be accepted as a reliable measure of the extent of improve- 
ment or deterioration. The usual observation of symptoms, including - 
gain or loss of body weight, amount of sputum and manifestations of 
toxaemia, as well as clinical and serological tests, are all prone to be 
deceptive and only a study of all these data collectively will allow a 
reasonably close approach to the correct estimate of a patient’s progress. 
Viewing all criteria separately serial roentgenograms transcend most of 
them in clinical usefulness, are as reliable as any laboratory method in 
demonstrating tissue change and provide a material aid in the formula- 
tion of a prognosis. As previously indicated they are of highest value 
when they supplement an intelligent clinical study. 
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To more clearly define the applicability of the method, to demon- 
strate its high degree of accuracy in its clinical purport, and to indicate 
what symptoms may be expected with a given roentgenoscopic change 
a statistical investigation of two groups of cases, studied by serial 
stereograms, has been made. The first group comprises 100 cases in 
which two or more stereograms taken at varying intervals displayed 
progressive destructive changes; the second includes a like number 
showing repair. The observations involved the study and comparison 
of 438 stereograms. ‘The selection of cases was at random and solely 
from the roentgenographic files. The cases were tabulated and sub- 
sequently the clinical records were consulted and a notation of sympto- 
matic data made. The roentgenographic technique in all cases was 
uniform and correct. The criteria of interpretation were those explained 
in the first section of this paper. 

In the first group destructive changes include progressive increase in 
infiltration and caseation and the formation and extension of ring shad- 
ows or areas of rarefaction interpreted as cavitation. According to 
period of observation the group is divided as follows: 27 cases, one to 
three months; 25 cases, three to six months; 33 cases, six to twelve 
months; 13 cases, twelve to twenty-four months; 2 cases, more than 
twenty-four months. A tabulation of the data compiled is presented 
in table 1. 

An analysis of this table reveals a number of outstanding facts. 
Ninety-two per cent of the cases showed progressive rarefaction in addi- 
tion to the increased mottling and cirrose clouding observed in all, 
indicating that very few cases of pulmonary tuberculosis show an exten- 
sion of the lesion without cavity formation. This confirms information 
at hand from other sources. In a substantial number of cases (49) the 
destructive process was accompanied by demonstrable fibrosis, an evi- 
dence of a coincident but unsuccessful attempt at repair. 

The cases were about equally divided in the moderately and far 
advanced groups. 

The average period of observation is interesting for its relative short- 
ness and it is indirectly proved that the destructive process is retarded 
when accompanied by demonstrable fibrosis. 

Complications, both tuberculous and nontuberculous, were frequently 
observed in all types of progressive disease. The inference is that the 
large incidence of complications is related not so much to the extent or 
character of the pulmonary lesion but more to evidence of progressive 
disease. 
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The constitutional condition improved in 10 and was noticeably worse 
in only 46 of the series. Body weight was gained in 31 and lost in only 
38 cases. These figures emphasize the unreliability of certain clinical 
data as indications of changes in the local lesion and reaffirm the proved 
but in many quarters unappreciated fact that weight may be gained 


while disease advances. 
TABLE 1 


One hundred cases in which serial stereograms showed progressive destruction 


CLASSIFI- coM- CONSTITU- AVERAGE 
CATION TIONAL BODY DAILY B. TUBERCULOSIS 


on ap- |PEICA-| cConpr- | WEIGHT | SPUTUM IN SPUTUM 


masston* | tow WEIGHT 


GENERAL CHARACTER 
OF PROGRESSIVE, 
DESTRUCTIVE CHANGE 


IN MONTHS 


tive 
Negative became posi- 


AVERAGE PERIOD OF OBSERVATION 
tive 


SINGLE TOTALS 
Incipient 
Far advanced 
~ | Tuberculous 
Improved 
Stationary 
Stationary 
Increased 
Stationary 
Positive became nega- 


| Moderately advanced 
© | Nontuberculous 

& | Positive, no change 
t | Negative , no change 
| More than 10 grams 
= | Less than 10 grams 


© | Decreased 


wm 
bo 


Infiltration 
Infiltration with 
Infiltration and 
cavitation. .... 
Infiltration and 
cavitation with 
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i=) 
S 
i=) 
bo 
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5.6 16 


& 


10.2} 0)18/31)15) 7| 4 19}17/32)12 


Totals 5.9} 


*EXPLANATION OF TERMS USED IN TABLES 


Classification: National Tuberculosis Association. 

Constitutional condition: Indicates manifestations of general toxemia, such as fever, tachy- 
cardia, malaise, night sweats, gastric disturbances, etc. Body weight is considered separately. 

Body weight: Gained: Increase of more than 1 kgm. Stationary: Not varying more than. 
1 kgm. Lost: Decrease of more than 1 kgm. 

Average daily sputum weight: Increased: Heavier by more than 5 grams. Stationary: 
Not varying more than 5 grams. Decreased: Lighter by more than 5 grams. 

B. tuberculosis in sputum: If single specimens proved negative, three days’ specimens were 
concentrated and examined by the Ellermann and Erlandsen method. 


Considering the average daily sputum weights, in 62 cases there was 
an increase, in 32 no change and in only 6 a decrease. In these 6 
demonstrable fibrosis accompanied tissue destruction. 

In this series, 95 cases at some time during the period of observation 
had tubercle bacilli in the sputum. In the three cases showing tubercle 
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bacilli which later disappeared there was evidence of fibrosis. In two 
cases where the sputum was persistently negative for tubercle bacilli 
there was no roentgenoscopic evidence of cavitation and in every case 
with progressive cavitation tubercle bacilli were at some time demon- 


strable in the sputum. 
TABLE 2 


One hundred cases in which serial stereograms showed progressive repair 


CLASSIFI- CONSTITU- AVERAGE 
CATION | TIONAL | BODY 
ON AD- ConDI- | WEIGHT | SPUTUM 


_ MISSION TIONS| WEIGHT 


GENERAL CHAR- 
ACTER OF PRO- 
GRESSIVE REPARA- 
TIVE CHANGE 


tive 
Positive, no change 


SINGLE TOTALS 
AVERAGE PERIOD OF OBSERVATION 
Incipient 

Moderately advanced 
Far advanced 
CAVITATION PRESENT 
Improved 

Stationary 

Stationary 

Increased 

Stationary 

Decreased 

Positive became nega- 
Negative became posi- 


| Nontuberculous 

ov | Negative, no change 
© | More than 10 grams 
~ | Less than 10 grams 


yw | Tuberculous 


~J 
bd 
un 
* 
—- 


Clearing 
Clearing with 
® fibrosis 
Clearing with 
fibrosis and 
contraction 
of cavity.... 
Clearing with 
fibrosis and 
obliteration 
of cavity.... 10 13 0 |13} 13 0 


=) 
oo 
oo 
wn 
++ 
bo 
i=] 


Totals 77 95 23 51 39)10 


Cavitation 
present... 0/45/17 7/59)3 | 0/55) 4) 3 | 1/19 |42) 27) O 9] 5 


*Two cases in’ this group had nontuberculous complications and one a tuberculous 
complication. 

t One case had a tuberculous complication. 

t One case had a nontuberculous complication. 

§ One case had no sputum. 


There was more or less blood spitting in 45 cases. Of these the lar- 
gest percentage was in the series exhibiting progressive infiltration with 
or without cavitation but not accompanied by demonstrable fibrosis. 

In like manner the data gathered in the study of 100 cases showing 
progressive repair is collated in table 2. According to periods of obser- 
vation they are divided as follows: 16 cases, one to three months; 20 
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cases, three to six months; 31 cases, six to twelve months; 19 cases, 
twelve to twenty-four months; 14 cases, more than twenty-four months. 

In this series of cases it is indicated that there is an average interval 
of six months between the clearing of mottling or cirrose clouding and 
the beginning of fibrosis. The contraction of cavities was, in point of 
time, merely a secondary accompaniment of fibrosis, but the oblitera- 
tion of cavities required an average of more than seventeen months. 
It should be noted also that clearing, clearing with fibrosis and clearing 
with fibrosis and contraction of cavity were observed in about the same 
number of instances but obliteration of cavity was seen less frequently. 

In the 13 cases showing complete obliteration of cavity the ring 
shadow gradually contracted and disappeared, leaving .only a scar, 
more or less dense, at its former site. As said above, in one of these 
cases the cavity reopened later but in all the others, so far as observed, 
closure has been permanent. 

Most of the repair group were admitted as having moderately advanced 
disease but a considerable number (21) were in the far advanced stage. 
In 20 of the latter fibrosis could be demonstrated, probably because 
repair had started concomitantly with preceding destruction; clinically 
these would be classed as markedly chronic cases. 

Of the 62 cases showing cavitation at the beginning of the investiga- 
tion, 44 or 71 per cent showed contraction or obliteration of the cavities. 
In the remaining 18 the cavities were unchanged but 10 of these were 
not under observation long enough to expect much contraction. 

The incidence of complications showed no special relationship to the 
phases of repair. 

In 95 of the cases the constitutional condition improved and in none 
did it become worse. Of the five cases showing no constitutional improve- 
ment four had complications. 

Body weight was gained in a majority (88) of the series. Among’ 
those who lost weight, complications seem to have played an important 
part. : 

The amount of the sputum decreased in 75 cases, including all those 
in which cavity became obliterated. In 23 cases, many of which showed 
unchanged cavities, the sputum was stationary and in only 2 did it 
increase. 

Sputa positive for tubercle bacilli became negative in 51 cases (55 
per cent), again including all those showing obliteration of cavity. In 
10 cases the sputum remained constantly negative for bacilli and in no 
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case did a negative sputum become positive. In 39 the sputum was 
persistently positive; in almost all of these cavity was present. 

It is desired to emphasize that in all cases where cavity became 
obliterated the sputum decreased in amount and became negative for 
tubercle bacilli. Of those showing a reduction in the size of cavity, 
which however remained patent, the sputum decreased in amount in 
about 70 per cent and positive sputa became negative in 40 per cent. 

Table 3 presents a comparison of the factors contained in the two 
preceding tables and brings to light some rather striking facts. There 
is a noteworthy contrast in the average periods of observation of the 
two classes of cases; 5.9 months for those showing destruction and 14 
months for those undergoing repair. This is to be expected since many 
patients with advancing disease soon become too sick for roentgeno- 
scopic observation and since, as has been pointed out, destructive proc- 
esses are usually more rapid than the reverse. 

Considering the clinical status of the patients on admission, more in 
the moderately advanced group showed repair than destruction, while 
the ratio of far advanced cases showing destruction to similar types 
showing repair was more than two to one. This is significant although 
not a new revelation to the clinician. 

In cases exhibiting cavitation many showed healing, but more con- 
tinued toward deterioration. 

Tuberculous complications were half again as frequent in the presence 
of progressive destruction, but the incidence of nontuberculous compli- 
cations was about equal in the two series. 

Abatement of the symptoms of toxemia (constitutional manifesta- 
tions) was observed over nine times in the repair group to once in the 
destruction group. 

In the matter of body weights the ratio was not so high because 
many patients with roentgenoscopic evidence of progressive disease 
and with no constitutional improvement nevertheless gained weight. 

In 23 and 32 per cent, respectively, of the two groups the average 
daily sputum weight did not vary. Of the remainder almost every 
case of repair showed decreasing sputum and in almost every case of 
destruction there was an increase. 

In 61 cases of repair the sputum was negative for tubercle bacilli or 
became so; in 95 cases of destruction it was positive or became so. Dur- 
ing repair 51 bacilli-positive sputa became negative as against 3 during 


18 J. BURNS AMBERSON, JR. 


Comparative recapitulation 


destruction; conversely, during repair no negatives became positive, 
while during destruction 13 negatives became positive. 
Hemoptyses occurred three times during destructive changes to once 


during the reparative process. 


TABLE 3 


FACTORS CONSIDERED 


DETAILS 


PROGRESSIVE PROGRESSIVE 
DESTRUC- REPAIR 
TION 


Serial 


Average period of observation....... 


Classification on admission......... 


Constitutional condition........... 


Average daily sputum weight...... 


Tubercle bacilli in sputum......... 


Number of cases observed 


Months 


Incipient 
Moderately advanced 
Far advanced 


Tuberculous 
Nontuberculous 


Improved 
Stationary 
Worse 


Gained 
Stationary 
Lost 


Increased 


Stationary 
Decreased 


Positive—no change 


Negative became positive 


Negative—no change 


More than 10 grams 
Less than 10 grams 


Pre-existing or developing 


Positive became negative 


100 100 


21 5 


(a) Three had tuberculous complications; one a nontuberculous complication. 
(b) One had a tuberculous complication; one a nontuberculous complication. 
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SUMMARY AND CONCLUSIONS 


A summary of the facts gathered in this study with conclusions that 
seem justified follows: 

In cases exhibiting roentgenoscopic evidence of progressive disease 
90 per cent or more will eventually exhibit ring shadows or areas of 
rarefaction to be interpreted as cavitation. 

In about half of the cases showing destruction coincident repair 
(fibrosis) could be demonstrated. 

The rate of destruction is retarded where coincident repair is demon- 
strable. 

Established progressive destruction is, as a rule, more rapid than 
established progressive repair. 

In cases showing repair, clearing, clearing with fibrosis and clearing 
with fibrosis and contraction of cavity were observed with about equal 
frequency. 

Fibrosis is recognizable, as a rule, about six months after decongestive 
changes (clearing) have started. 

In a small but considerable number of cases there will be seen a com- 
plete obliteration of cavitation; in 12 of this series of 13 such cases 
closure has been permanent. 

Complete obliteration of cavitation usually requires a longer time for 
accomplishment than any other phase of repair except calcification. 

Repair is more likely to be initiated if cavitation does not exist. 

At the onset of repair, cavitation was demonstrable in 62 of the 100 
cases; of these, contraction or obliteration of cavity occurred in 44 
instances. Of the 18 cases where no reduction of the size of the cavity 
was noted, 10 showed no evidence of fibrosis. 

In cases showing cavitation preceding the onset of progressive repair, 
the cavities will be seen to become reduced in size in a majority of 
instances (75 per cent or more) if kept under observation for fifteen 
months or more; in a few of these complete obliteration will be noted. 

Most cases undergoing repair were placed clinically in the moderately 
advanced group but a considerable number (21) were far advanced. 

This study indicates that most cases of moderately advanced disease 
will, under sanatorium care, display roentgenoscopic evidence of pro- 
gressive repair while a majority of far advanced cases will show the 
reverse. The minorities however are not negligible. 
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In the presence of progressive destruction the incidence of tuberculous 
complications will be greater than where repair is seen. 

The incidence of nontuberculous complications does not seem to be 
related to the character of the intrapulmonary tissue change. 

In cases showing local destructive changes a few will manifest lessened 
symptoms of toxemia, but in about 90 per cent the constitutional con- 
dition will become decidedly worse or remain stationary. 

Constitutional symptoms will improve and body weight will be 
gained in almost all cases showing repair. 

In the few cases of repair manifesting no constitutional improvement 
or gain in body weight complications seem to be the responsible cause. 

Many patients (31 in this group) will gain weight in spite of roent- 
genoscopic evidence of progressive disease but more (about two-thirds) 
will record stationary or decreasing body weight. Where there is 
evidence of progressive parenchymatous infiltration, without cavitation, 
the patient is most likely to lose weight. 

From this study the inference is that body nutrition is not a depend- 
able index of the changes in the pulmonary lesion unless there is pro- 
gressive loss of weight. 

Changes of constitutional symptoms (other than the state of nutri- 
tion) follow anatomical mutations more closely; but even here the margin 
-of error is considerable. 

In most cases exhibiting destructive alterations the average daily 
sputum weight will increase; in a smaller percentage (one-third of this 
series) it will not vary. In a few cases sputum will decrease but not 
unless there is considerable demonstrable associated fibrosis. 

Where progressive parenchymatous infiltration without demon- 
strable cavitation is noted the average daily sputum weight usually 
shows no important variation. 

In most cases exhibiting reparative changes (75 per cent in this series) 
the average daily sputum weight will progressively decrease. In a very 
few there may be an increase and in the remainder there will be no 
variation. In most cases of this type, showing no decrease in sputum, 
cavities will be revealed (20 out of 25). 

In a majority of instances progressive decrease in sputum signifies 
local tissue repair while a progressive increase means local destruction. 
Where the sputum weight does not vary the chances are about equal, 
with a slightly greater likelihood of local destruction. 
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Most cases exhibiting destructive changes (82 per cent in this series) 
will have sputa persistently positive for tubercle bacilli; of the sputa 
that are bacilli-negative in the beginning, 80 to 90 per cent or more will 
sooner or later become positive. A very few positives will become nega- 
tive but not unless there is considerable demonstrable associated fibrosis. 

All cases with progressive cavitation should at some time show tubercle 
bacilli in the sputum. 

In 51 cases sputa, positive for tubercle bacilli, became negative during 
the period of repair; cavity was present at some time in 27 of these but 
became contracted or obliterated in 25. In 39 cases the sputum was 
positive for bacilli throughout the period of observation; in 32 of these 
cavity was present, becoming contracted in 19 but obliterated in none. 
In 10 cases, only one of which showed cavity, the sputum was per- 
sistently negative for acid-fast organisms. Negative sputa should not 
become positive if progressive repair is observed. 

In this study 95 per cent of the cases showing progressive destruction 
sooner or later had bacilli-positive sputa, as contrasted with 61 per cent 
of the repair group which sooner or later had negative sputa. 

In all cases where complete obliteration of cavitation was observed 
the constitutional condition improved, body weight was gained, the 
average daily sputum weight decreased, and the sputum became nega- 
tive for tubercle bacilli. 

Hemoptyses occurred three times during the process of destruction 
to once during repair; in cases of destruction hemoptyses were more 
frequent when no associated fibrosis could be demonstrated. 
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DESCRIPTION OF FIGURES 
SERIES 1 (pp. 23-24) 
Interval between figures 1 and 2, five weeks. Patient aet. 30 on admission; sputum 


increased in amount and persistently positive for tubercle bacilli; patient died eleven weeks 


after figure 2 was made. 
At A, in figure 1, is seen moderate mottling and cirrose clouding of the right lung field. 
In figure 2 this has extended, become more dense and coalescent, denoting the beginning of 


bronchopneumonic consolidation. In figure 2, in the seventh intercostal space, posteriorly, 
is seen a sharply defined horizontal line, indicating the development of interlobar pleurisy. 
B indicates ring shadows, interpreted as cavities, which in figure 2 have widened, partly 
merged and extended through the surrounding consolidation and caseation. 
Note homogeneous clouding (pachypleuritis) of left lung field with retraction of medi- 
astinal organs and obliteration of phrenicocostal sinus. 
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SERIES 2 (pp. 26-27) 


Interval between figures 1 and 2, thirteen and one-half months. Patient aet. 14 on admis- 
sion; constitutional condition and weight stationary; average daily sputum weight stationary; 
tubercle bacilli constantly present in sputum. 

Figure 1 shows cavitation in both upper lobes, more extensive on the right (lower borders 
of cavities indicated by arrows A and B.) Immediately below the large cavities are smaller 
multiple areas of rarefaction and heavy infiltration; the latter fading out in the lower thirds. 
In figure 2 is demonstrated the manner in which both upper lobes have become almost entirely 
excavated. The large rings in figure 1 have merged with the smaller ones immediately below 
and have extended downward and inward to the hila. Simultaneously the infiltration has 
caseated and softened and new and small multiple cavities have formed; these in turn will 
coalesce with the main cavities. This illustrates the typical mode of extension of apical 
cavities. 

Note increasing obtuseness of left cardiophrenic angle and retraction of heart to left, sig- 
nifying pleural adhesions. 
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SERIES 3 (pp. 29-31) 


Interval between figures 1 and 2, six and one-half months; between figures 2 and 3, three 
months. Patient aet. 46 on admission; constitutional condition improved and weight 
gained; sputum decreased but remains positive for tubercle bacilli. 

In figure 1 the arrow points to a moderate infiltration of the right lung above the third 


interspace and seventh vertebral spine, as evidenced by a soft cirrose clouding. Six and a 
half months later (fig. 2) the appearance has changed and the mottling has been partly re- 
placed by indefinite striations radiating from the hilum to the periphery. In figure 3 these 
indefinite striations have taken shape as interwoven, wavy lines extending from the hilum, 
an evidence of beginning fibrosis. Note that the lesion is now fairly well localized above the 
second interspace and sixth thoracic spine. This illustrates one of the typical phases of 
repair with clearing and fibrosis. 
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SERIES 4 (pp. 33-35) 


Interval between figures 1 and 2, eight months; between figures 2 and 3, four months. 
Patient aet. 32 on admission; constitutional condition improved and weight gained; sputum 


decreased; tubercle bacilli, present in sputum on admission, disappeared six months later 


(two months before fig. 2) and have been absent since then. 
Figure 1 shows an area of consolidation spreading from the hilum into the right lung. 


Figures 2 and 3 show resolution of the consolidation and replacement by fibrosis. This form 


of repair is not commonly seen but in this case has accomplished a clinical arrest of the lesion. 


32 
4 
q 
4 
j 
ig 
‘ 
id 


ROENTGENOSCOPIC PATHOLOGY 


Ser. 4, Fic. 1 


33 


BURNS AMBERSON, JR. 


Ser. 4, Fic. 2 


34 
P 
i 
i 
| 
i 
4 ¢4 
q 
4 
4 


ROENTGENOSCOPIC PATHOLOGY 


one 
7 
SER. 4, Fic. 3 


J. BURNS AMBERSON, JR. 


SERIES 5 (pp. 37-38) 


Interval between figures 1 and 2, ten months. Patient aet. 35 on admission; consti- 
tutional condition improved and weight gained; sputum decreased in amount; sputum posi- 
tive for tubercle bacilli on admission; became negative at the time of discharge (fig. 2). 

Comparing figure 2 with figure 1, a marked clearing of the cirrose clouding and mottling 


is noted. 
Attention is directed to the left hilum by the arrow. In figure 1 the hilum is accentuated, 


widened, and the outline is indefinite and fuzzy; in figure 2 it is sharply outlined, stands out 
in contrast to other parts of the field and has something of its normal contour. Such a hilum 
transformation invariably signifies reparative change in the adjacent lesion, provided there 
are no complicating factors. 
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ROENTGENOSCOPIC PATHOLOGY 


SERIES 6 (pp. 40-44) 


Interval between figures 1 and 2, eight months; between figures 2 and 3, four months; 
between figures 3 and 4, eight months; between figures 4 and 5, four months. Total period, 
two years. Patient aet. 48 on admission; constitutional condition improved with occasional 
febrile exacerbations; weight gained; occasional small hemoptyses; sputum decreased but 
persistently positive for tubercle bacilli. 

Figure 1 shows a relatively old, well localized fibroid lesion of the left upper lobe, with 
definite cavity at B and a more recent, nonlocalized infiltration and consolidation of the right 
upper lobe. In figure 2, made after a lapse of eight months, the arrow A indicates several 
thin, well defined, tendrillar densities, most marked at the hilum and extending to the periph- 
ery behind the second interspace, an evidence of early fibrous deposit. Four months later 
(fig. 3) these tendrils of scar tissue have become a compact band which, in figures 4 and 5, 
has become progressively more dense. Coincidentally, the cavity B on the left has contracted 
until in figure 5 it is almost obliterated. 

The series illustrates a destructive process as well, for at C the area of consolidation in 
figure 1 has caseated and become partly excavated in figure 2. Tracing the cavity through 
the remaining figures it is seen to have gradually widened and replaced much of the original 
consolidation. In due time it is probable that this cavity will contract as did the one in the 
left upper lobe (B). 

Further comparison of the figures shows a general retraction upward of the lesion on each 
side. On the left the lower border of the density is seen in figure 1 just above the third 
rib, whereas in figure 5 it is tucked up behind the second rib. 

The series demonstrates an effective localization of massive lesions as well as the simul- 
taneous progress of both destruction and repair. 
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ROENTGENOSCOPIC PATHOLOGY 


SERIES 7 (pp. 46-48) 


Interval between figures 1 and 2, seven and one-half months; between figures 2 and 3, 
eighteen months. Patient aet. 34 on admission; constitutional condition improved; weight 
gained; occasional blood streaked sputum during first year; sputum decreased; sputum posi- 
tive for tubercle bacilli during first ten months after which it became negative and has 
remained so. 

This series illustrates the closure of a fairly large, solitary cavity indicated by the arrow 
in the right upper lobe. In figure 1 the lesion is localized above the second rib by a band of 
fibrosis extending from the hilum to the periphery. In figure 2 there has been a general 
retraction upward, the fibrosis is more dense and the cavity ring consequently reduced in 
size. In figure 3 the cavity cannot be seen and all that remains is a diffuse fibrosis of the 
upper part of the upper lobe. 

Ring shadows may be masked by overlying fibrosis but, in this case, serial stereograms 
demonstrated genuine obliteration. 
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THE ABSORPTION OF ACACIA FROM THE PLEURAL. 
CAVITY OF NORMAL AND TUBERCULOUS RABBITS 


H. J. CORPER anp O. B. RENSCH 
Research Depariment, National Jewish Hospital for Consumptives, Denver, Colorado 


The mechanism of the production of tuberculous pleural effusions and 
empyemas is not clearly understood. There therefore remains a great 
deal of doubt as to just what parts in this mechanism are played by 
purely mechanical, bacterial or immunological factors. It seems that 
the majority of tuberculous effusions and empyemas occur mainly in 
the far advanced cases of pulmonary tuberculosis and in quite a large 
number of those treated with artificial pneumothorax. To the path- 
ologist it would appear that the predominant parts are played by mechan- 
ical influences, such as the necessity for an effusion to fill the space left 
by an incapacitated lung and subsequent bacterial invasion or con- 
tamination occasioning the empyema, or a rupture of the lung with 
immediate bacterial contamination through the focus of rupture. The 
immunological factors, however, deserve consideration and it is for 
this reason that the following investigations were carried on. 

That immunological reactions might play an important part was 
indicated by experiments performed by Paterson (1) in 1917 who found 
that normal guinea pigs given intrapleural inoculations of tubercle 
bacilli responded with no noticeable pleural reaction while such injec- 
tions into tuberculous guinea pigs resulted in the exudation of serum, 
leucocytes, red blood cells and fibrin. He states that “In attempting 
to do some experimental work with pleural effusions, it was found that 
the pleural cavity of rabbits, inoculated with virulent tubercle bacilli 
after a pneumothorax had been established, did not, respond to the 
inoculation with the development of fluid. It was further discovered 
that a second inoculation of bacilli into the same pleural cavity some 
weeks later resulted in a rapid accumulation of bloody serous exudate, 
rich in leucocytes.” He concluded from these experiments that clinical 
(tuberculous) pleural effusions are caused by the infection of an allergic 
pleura. Duboff (2), in elaboration of observations by Marshak and 
Craighead (3), presents a different view of the causation of tuberculous 
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empyemas in man. He believes that tuberculous empyema is a com- 
plication of pulmonary tuberculosis, usually the result of lung rupture, 
that the exudate is pus or seropus in the ordinary sense of the term and 
that the presence of tubercle bacilli is the rule. Conditions predis- 
posing to lung rupture predispose to empyema, the most potent of these 
in recent years being induced pneumothorax. 

In a previous paper by Corper and Rensch (4), who used rabbits as 
experimental animals and injected tubercle bacilli suspended in saline- 
acacia into the pleural cavity, it was found that there was no more 
tendency to form pleural effusions or empyemas following these intra- 
pleural injections in those animals having received either a subcutaneous 
or an intravenous injection of the same culture of tubercle bacilli one 
month prior to the intrapleural injection than in a normal rabbit not 
having received such preliminary sensitizing injection. Believing that 
it might be possible to miss finer reactions when using the macroscopic 
postmortem observations as criteria it seemed desirable to supplement 
the previous studies by observations on the absorption from the pleura 
in normal and tuberculous animals of some colloidal substance resem- 
bling in many particulars the proteins of pleural effusions. 

Crystalloids are unsuited for the study of these conditions, on account 
of their rapid diffusion from the site of injection and subsequent elimina- 
tion which has also made them unsuitable for replacing blood in hemor- 
rhage and wound shock. Obviously the use of the serum or plasma of 
the same animal would not lend itself to satisfactory differential quan- 
titative analysis and the procedure of determining quantitatively the 
proteins of the serum of another species is beset with difficulties of 
analysis, besides introducing certain objectionable immunological 
features. Fortunately, however, recent physiological and pharmaco- 
logical studies with acacia have placed at our disposal a substance 
which seemed well suited for our purpose, It can be determined fairly 
accurately quantitatively as distinct from serum proteins, is not pri- 
marily toxic for the animal and does not produce an allergy in itself. 
In a most comprehensive recent physiological and pharmacological 
study with acacia Bayliss (5) found that a solution of gum acacia of 
6 to 7 per cent in 0.9 per cent sodium chloride solution is capable of 
effectively replacing blood lost, unless the loss amounts to more than 
75 per cent of the blood volume. It has no chemical or drug-like action 
and can be used in large quantities. Gum acacia does not produce 
anaphylaxis or hemolysis. The ease of sterilization without disin- 
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tegration is also a desirable feature of this substance. It is to be pre- 
ferred over ordinary salt solutions on account of its colloidal nature and 
the serum protein-like osmotic pressure of its solutions. It resembles 
the serum proteins in most of its physical properties. 

The biological analytical studies with gum acacia or gum saline (a 
solution of acacia in 0.9 per cent sodium chloride solution) have been 
made mainly in the application of solutions of acacia for the study of 
blood volume. Meek and Gasser (6) used acacia for this purpose, 
giving large amounts intravenously and then analyzing the blood by 
hydrolyzing the acacia to liberate the pentosan which is determined 
quantitatively as the phloroglucid. In spite of the tedious technique 
the accuracy of the method ranged from 76 to 90 per cent recovery of 
the acacia added to blood. By means of this method they found that 
after the intravenous injection of acacia solution there still persisted in 
the blood 77.2 per cent after five hours in one dog, 50 per cent of the 
original amount injected into another dog after twenty-four hours, while 
in two other dogs there persisted after forty-eight hours 33 and 42 per 
cent of the amounts given. McQuarrie and Davis (7) believed the 
method of Meek and Gasser too time-consuming and preferred the refrac- 
tometric method of Robertson (8), using the Pulfrich refractometer and 
determining the acacia in the nonprotein fraction of the blood after pre- 
cipitating the serum protein with an equal volume of N/25 acetic acid 
and heat. This method has also a disadvantage in requiring special 
facilities and an instrument not obtainable in all laboratories, so that it 
was felt that at a small sacrifice in accuracy which would be balanced 
by the variations naturally found in different animals a simpler method 
could be devised for the purpose. 

The method finally chosen was to precipitate the serum proteins by 
the addition of ten volumes of 2.5 per cent trichloracetic acid according 
to Greenwald (9) in a definite volume (1 cc.) of the fluid to be examined, 
allowing the mixture to stand for twenty-four hours to insure complete 
precipitation (four hours was found to be sufficient in preliminary 
tests), and then centrifugating the mixture at high speed. A definite 
amount (1 cc.) of the clear supernatant fluid was withdrawn and placed 
in a Hopkins tube (10), of which the bottom was graduated accurately 
in 0.01 cc. and readable to approximately 0.001 cc. To this, 10 volumes. 
of chemically pure methyl or ethyl alcohol was added and well shaken. 
The mixture was allowed to stand at least four hours or overnight and 
then centrifugated at a uniform high rate of speed (3000 revolutions) 
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for a definite time (ten minutes), after which the volume of precipitate 
was accurately read. The chemical basis for this method is the com- 
plete precipitation of the serum proteins by the trichloracetic acid while 
the acacia remains in solution, and the final complete precipitation of 
the acacia by means of the alcohol followed by centrifugation to obtain 
uniform packing of the precipitate. In order to test the accuracy of 
this method, known mixtures of dog serum and solutions of acacia were 
analyzed with the results given in table 1. 


TABLE 1 


Analysis for acacia in known solutions of various strengths 


ANALYSIS OF ACACIA IN MIXTURE WITH EQUAL 

ANALYSIS OF ACACIA IN VOLUME OF DOG SERUM 

STRENGTH ACACIA IN SALINE SOLUTION. 
SOLUTION ALCOHOL PRECIPITATE IN 

0.1 cc. FLUID 


Volume of trichloracetic* | Volume of acaciat precipi- 
acid precipitate in 1 cc. tate in 0.1 cc. origina 
original fluid fluid 


per cent cc. cc. cc. 


0.022t 0.78 0.023 
0.019 0.75 0.017 
0.012 0.70 0.014 
0.006 0.80 0.007 
0.004 0.79 0.003 
0.002 0.79 0.002 . 
0.001 0.81 0.001 
0.000 0.80 0.000 


* One cubic centimetre of fluid was well mixed with 9 cc. of 2.5 per cent trichloracetic acid 
and after standing at least four hours was centrifugated at a standard speed used through- 
out this work and the figure is the volume of precipitate (serum proteins) obtained in cubic 
centimetres. 

t One cubic centimetre of the clear supernatant trichloracetic acid mixture (equivalent 
to 0.1 cc. of the original fluid) was mixed with 10 volumes of alcohol and centrifugated. The 
figures given are the volumes of the resultant precipitate in cubic centimetres. 


An examination of the findings given in table 1 reveals that this 
method of analysis for acacia in solution in saline solution or serum 
gives fairly accurate results, sufficiently so to serve the purpose of this 
investigation. 

In order to determine the rate of disappearance of the acacia from the 
blood, following the intravenous injection of acacia two rabbits (one 
weighing 7 pounds and the other 8 pounds) were given 50 cc. of 7 per 
cent acacia saline solution and their blood was examined for acacia, 
before and at various intervals after the injection for a period of five 
days. The results of these analyses are given in table 2. 
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This experiment on rabbits substantiates the findings of Meek and 
Gasser on dogs, in that intravenously injected acacia persists in the 
blood of rabbits to the extent that 50 per cent of the original concen- 
tration is present after twenty-four hours, while after forty-eight hours 
30 to 40 per cent is still present; and within the accuracy of our method 
it cannot be found to be present five days after injection, indicating that 
at least 90 per cent of the original concentration in the blood has dis- 
appeared before this time. 

The following experiments on the pleural absorption of acacia were 
complicated by a number of factors which made these experiments show 
a greater individual variation in different animals than that noted in 
the acacia content of the blood following intravenous injection; and for 
this reason each experiment of a series included at least five animals in 
the hope that the average figures from these might give more informa- 
tion than the individual figures. 


TABLE 2 


The persistence of acacia in the blood of rabbits after intravenous injection 


INTERVALS AFTER INJECTION AND BESULTS IN PERCENTAGES 


4 


6 10 
hours | hours | hours | !4a@y | 2 days | 3 days 5 days 


1.6] 1.7 at 0.0 
1.8] 1.5 3 | 1.2 0.0 


There were 37 rabbits included in this series, the purpose of which 
was to determine whether the absorption of 7 per cent acacia in saline 
solution was influenced by the previous sensitization of the animals by 
tubercle bacilli (by either subcutaneous or intravenous injection) or by 
the presence of tubercle bacilli in the acacia solution itself whether 
administered intrapleurally to rabbits, either normal or previously 
sensitized by the subcutaneous or intravenous route. The tubercle 
bacilli used throughout these experiments was a single strain No. 1851 of 
virulent human tubercle bacilli. The sensitized animals were given 
either a subcutaneous injection, 1 mgm., or an intravenous injection of 
0.5 mgm. of a good uniform suspension of the bacilli. The animals 
given the intrapleural injection of the acacia solution plus tubercle 
bacilli were given 50 cc. of sterile 7 per cent acacia in 0.9 per cent sodium 
chloride solution plus 3 mgm. of the uniform suspension of tubercle 
bacilli. The series consisted of 7 control animals given an intrapleu- 


RABBITS Immedi- i 
Before ately h 
1 0.0 2.2 2.0 
2 0.0 2.0 1.8 
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ral injection of acacia only, 7 rabbits given an intrapleural injection 
of acacia plus tubercle bacilli, 6 given an intrapleural injection of 
acacia only four weeks after a subcutaneous injection of tubercle bacilli, 
7 given acacia plus tubercle bacilli four weeks after a subcutaneous 


TABLE 3 
The absorption of acacia with and without tubercle bacilli from the pleural cavity of normal and 
previously sensitized rabbits 


PER CENT OF ACACIA FOUND IN PLEURAL FLUID 
WN AFTE 
WITHDRAWN AFTER 
INJECTION 


1 day | 2 days} 3 days 4 days* 


50 cc. 7 per cent 
acacia-saline 
50 cc. 7 per cent 
acacia - saline 
+ 3 mgm. 
tubercle ba- 
cilli no. 1851 


1.6 | 0.7 | 0.3 | Trace 


50 cc. 7 per cent 
acacia-saline 
50 cc. 7 per cent 
acacia - saline 
+ 3 mgm. 
tubercle 
cilli no. 1851 


Subcutaneous in- 
jection of 2 
mgm. tubercle 
bacillino. 1851, 
4 weeks prior 
to intrapleural 
injection Negative 

50 cc. 7 per cent 
acacia-saline 


Intravenous in- 


jection of 0.5 0.3 


mgm. tubercle 
bacilli no. 1851 
4 weeks prior 
to intrapleural 


injection 


50 cc. 7 per cent 
acacia - saline 
+ 3 mgm. 
tubercle ba- 
cilli no. 1851 


5 


6.8 


5.0 


3.2 


1.0 


0.5 


Trace 


* After the third day it was impossible to obtain fluid from the pleural cavity of more than 
one-half of the animals and after the fourth day practically none had fluid. 
} These figures are the average obtained from all the rabbits in each set from which 


pleural fluid could be obtained. 


injection of bacilli, 5 given acacia only four weeks after the intravenous 
injection of the bacilli and 5 given acacia plus tubercle bacilli four 
weeks after the intravenous injection of the bacilli. A sample of the 
pleural fluid was withdrawn aseptically 2 and 6 hours, 1, 2, 3, etc., 
days after the intrapleural injection. The results of the analyses for 
acacia (the curve of absorption) are given in table 3. 
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An examination of the results recorded in table 3 reveals that the 
curve of absorption of 7 per cent acacia in saline solution with or with- 
out tubercle bacilli from the pleural cavity of rabbits, both normal 
and previously treated by subcutaneous or the intravenous injection, 
is, within the limits of the analytical method used for determining this 
absorption, not appreciably influenced by any of these procedures. It 
is also worthy of note that the analyses for the serum proteins in the 
pleural fluid, the results not being of sufficient value to record elabo- 
rately, indicated a gradually increased percentage in curve form of these 
proteins from the time of the intrapleural injection, reaching a maxi- 
mum in from two to four days and persisting until complete absorption 
of the pleural fluid had occurred. 


SUMMARY AND CONCLUSIONS 


With the means applied in this study there was found to be no differ- 
ence in the absorption of 7 per cent acacia in saline solution, without or 
containing a suspension of virulent human tubercle bacilli, after intra- 
pleural injection in rabbits both normal or previously sensitized by the 


subcutaneous or intravenous injection of the same culture of virulent 
human tubercle bacilli. 

This tends to corroborate the previous observation that there is no 
greater tendency towards the formation of a pleural effusion following 
the intrapleural injection of a suspension of tubercle bacilli in rabbits 
which have been previously sensitized with the same culture of bacilli. 

There is no evidence in our experiments to prove that in the rabbit 
tuberculous pleural effusions or empyemas were more prone to form in 
animals previously sensitized with the same culture of living virulent 
human tubercle bacilli than in those animals which did not receive a 
sensitizing injection. 

These and previously reported observations do not agree with those of 
Paterson concerning tuberculous pleural effusions in the rabbit. It is 
possible that a different reaction may occur in the guinea pig, in view 
of the generally accepted greater susceptibility of this animal to the 
allergic reaction. Final judgment on this subject should be reserved 
pending further observation. 
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THE TONSILLAR ROUTE OF INFECTION IN PULMONARY 
TUBERCULOSIS! 


JAMES GERRET VAN ZWALUWENBURG anp G. P. GRABFIELD 
From the Depariment of Roentgenology of the University Hospital, Ann Arbor, Michigan 


To the somewhat casual reader coming from other specialized fields 
of medicine, the controversy between the adherents of the inhalation 
and the ingestion theories of infection by the tubercle bacillus seems 
as far from solution as ever. Any new data that may be adduced from 
other fields may therefore be appreciated even though its valuation is 
difficult or impossible at the present time. 

The roentgenologist has frequent occasion to see and note the occur- 
rence of a shadow at the apex of the lung, the significance of which is 
not entirely clear but is commonly ascribed to a localized thickening of 
the pleura and is sometimes, for obvious reasons, spoken of as a “‘pleural 
cap.” Since the study of this condition is scarcely feasible through the 
medium of the autopsy table, because the condition is not fatal and 
because few dying of other conditions leave satisfactory roentgeno- 
graphic records, a less direct method is necessary. An attempt was 
therefore made to establish its nature by studying its association with 
other recognizable conditions in the neighborhood. 

This apical shadow may be described as a clear I ne usually seen along 
the inner surface of the second rib and separated from its shadow by a 
clear space of perhaps 3 or 4 mm. width. It may also be seen at times 
beneath the first rib and sometimes it extends downward further into 
the axilla or becomes continuous with the shadow of the thickened 
pleura left by a preceding pleural effusion. In width it varies from an 
exceedingly tenuous line to one of a thickness of 3or4mm. Its density 
is subject to similar variations; sometimes barely perceptible as a sepa- 
rate shadow, sometimes standing out with striking distinctness. Its 
differentiation from the linear shadows of the.rib margins and the 
shadows of the overlying soft tissues of the neck requires great care and 
technically good plates in satisfactory stereoscopic pairs. To see the 
less obvious examples requires plates of excellent contrast and fine 
definition. 

1 Read in brief before the Michigan Trudeau Society, Ann Arbor, Michigan, May 24, 1920. 

57 


a 
} 
i 
; 


58 J. G. VAN ZWALUWENBURG AND G. P. GRABFIELD 


The study of consecutive sets of plates on the same individual and 
taken at considerable intervals seems to establish certain definite pro- 
gressive changes or stages in the development of this shadow with the 
lapse of time. Not all of these stages can be determined in the same 
individual, but it is comparatively easy to select out of the accumulated 
records of the department all the intermediate stages to what appears 
to be its logical termination. 

Beginning with the scarcely perceptible line in the position indicated, 
one can follow its increased thickness, an indefinite irregularity or 
mossiness of its visceral surface, followed by the formation of conical or 
tentlike projections, with the apices directed away from the pleural 
surface, the formation of long linear shadows from these apices directed 
toward and reaching the upper cornua of the hilum shadows, the for- 
mation of grouped shadows in the periphery of the hilum or in the pa- 
renchyma of the lung, and its final obliteration in the increasing confusion 
of shadows of the chronic tuberculous lung. The order of the later 
members of the series does not seem to be invariable; in fact, one gets 
the impression that any of the steps may be omitted or the process 
become stationary at any stage. The dense conspicuous line, narrow 
and cleanly penciled, which is the most conspicuous example of the 
“pleural cap,” may very well*be the dense residuum of a much wider 
line resulting from the healing of the process. 

One can hardly escape the conclusion that this ser’es represents the 
progress of a tuberculous infection from the pleura into the parenchyma 
of the lung. That antecedent stages may occur is indicated by the 


following case: 


A soldier of the selective draft was discharged from Camp Custer with 
the diagnosis of incipient pulmonary tuberculosis. The Local Board referred 
him to the Michigan State Antituberculosis Society. The physicians of the 
Society were unable to discover any physical signs and the roentgenogram 
also was innocent of any evidence of a tuberculosis of the lungs. 

Some time later this man was again referred by the Michigan State Anti- 
tuberculosis Society, still with the diagnosis of “incipient tuberculosis,” and 
the stereo set demonstrated a subpleural line which a careful scrutiny of the 
previous plates failed to show. Just one year later he was returned for a 
third examination, this time from the United States Public Health Service, 
and this time showing definite involvement of the underlying lung. (No. 


21822, J. B., 10/8/19.) 
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On the other hand, the condition is not infrequently seen incidentally, 
without clinical evidence of pulmonary tuberculosis and without evi- 
dence of change over considerable periods of time. We believe that 
under these circumstances we are justified in considering such shadows 
as representing an organized and healed lesion, an evidence of a pre- 
ceding infection but without significance as to the present health of the 
individual. 

Such cases presumably are the equivalent of the relatively numerous 
autopsy findings showing thickening of the apical pleurae, parietal or 
visceral, with or without adhesions. These are generally held by the 
pathologist to represent a healed tuberculosis, even though the demon- 
stration of the characteristic microscopic: lesion is impossible. The 
general acceptance of this interpretation is to a large degree responsible 
for the dictum, Jeder Mann hat am Ende ein bischen Tuberkulose. 

Statistics comparing the frequency of the radiographic and the patho- 
logical lesions should show the former relatively less frequent, since the 
pleural thickenings are manifest on the plate only when seen tangentially 
and favorably placed in the immediate and contrasting relationship 
with a landmark like the rib. Obviously one could not expect to find it 
over the mesial surface of the upper lobe where it would lie against 
the soft tissues of the upper mediastinum which have approximately 
the same density to the ray. Nor can it be seen on the anterior and 
posterior surfaces of the apex, where the increment of its density is 
sufficient to impress an appreciable shadow on the relatively greater 
shadow of the chest wall and its contents. The number of cases in 
which the thickening of the pleura occupies a favorable site must there- 
fore fall far short of the total number. 

In this study we hope to present some data tending to prove the 
tuberculous nature of this cap and suggesting that it results from a 
downward extension of the infection from the cervical lymphatics after 
its entry through the lymphoid tissues of Waldeyer’s ring. 

The faucial tonsil was suggested as the portal of entry for the tubercle 
bacillus as early as 1897 (1). However, this path of infection has not 
been generally accepted as an important one and the ingestion hypoth- 
esis has been brought forward to explain the transmiss‘on of tuberculosis 
as against the inhalation theory. 

Most of the earlier clinicians (2), from clinical evidence alone, believed 
that the tubercle bacillus passed from the cervical lymph glands to the 
bronchial glands, and from there in some manner (as a rule by the blood 
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stream) to the lungs. Another group (3), however, believed that the 
tubercle bacillus reached the supraclavicular glands from the pharynx 
and passed from there directly to the apices of the lungs. Grober (4) 
especially made an elaborate study on dogs and guinea pigs to show the 
possibility of direct infection through the tonsil. He injected the 
pharyngeal wall of these animals with india ink and killed them at 
varying intervals after the injection. He found that the particles were 
carried down the cervical lymphatic chain directly to the apical pleura 
and through the apical pleura to the lung parenchyma. Beitzke and 
Most (5) criticized this work on anatomic grounds and further denied 
any connection between the cervical and bronchial glands, thereby 
opposing the ideas of both groups of clinicians before cited. 

Trautmann (6) accepts the criticisms of Beitzke and Most, but he 
admits the possibility of infection of the cervical glands by the tonsillar 
route. 

G. B. Wood (7), however, has shown that there is a continuous lym- 
phatic path from the tissues of the pharynx to the apex of the lungs, 
and Miller (8) has shown that the lymphatic drainage of the pleurae is 
towards the hilum. 

In attacking this problem we have collected evidence which points to 
an intimate relationship between the occurrence of tubercles in the 
faucial tonsil and the so called pleural cap. 

All the tonsils removed at the University Hospital, in the service of 
Dr. R. B. Canfield, are examined by the Department of Pathology in 
the service of Dr. A. S. Warthin. One section only of each tonsil is ex- 
amined, but this is so cut that it includes almost all the crypts. Some 
cases of tuberculosis of the tonsil are undoubtedly missed in this routine 
examination, but the number is probably not great. Serial sections 
would probably be the most certain method but this is too laborious in a 
large series. Injection of the macerated tonsil into guinea pigs is even 
more arduous and therefore not a feasible method for application on a 
large scale, although by this method A. P. Mitchell (9) was able to 
demonstrate tubercle bacilli in 37.5 per cent of his cases of tuberculosis 
of the cervical glands. 

In the period covered by this study we were able to examine by the 
X-ray the chests of 16 individuals who had proved tuberculous lesions 
in their tonsils. This small number out of the many which form the 
basis of a report which Dr. Carl V. Weller has in preparation is explained 
by the difficulty of reaching these patients after the delay necessary for 
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the completion of the pathological examination. Of these 16 cases all 
but one showed a pleural cap. This is rendered more significant when 
we consider 27 chest examinations on patients whose extirpated tonsils 
were found to be free from tuberculosis, and of these only 3 disclosed a 
pleural cap and 24 did not. Of the 3 of this latter group who did show 
the cap, none showed more than a relatively fine line without recogniz- 
able evidence of tuberculosis in the underlying lung. 

That a similar relationship exists between the pleural cap and cervical 
gland tuberculosis is shown by the series collected by Dr. Robert Baker 
from the service of the Department of Surgery. Of the 28 cases clini- 
cally diagnosed tuberculous, 16 showed a pleural cap, 4 more showed a 
degree of involvement of the apices in a pulmonary tuberculosis which 
would mask this shadow of the pleural cap, and 8 escaped without 
evidence of the invasion of the chest. It should be noted that the 


TABLE 1 
The relative frequency of pleural caps in the three series of cases studied. It is to be noted that 
in the case of cervical adenitis 71 per cent of the total showed signs in the lungs; in the cases 
of tuberculosis of the tonsil those showing frank tuberculosis also showed a pleural cap 


SERIES 


PLEURAL CAPS 


NEGATIVE FOR 
TUBERCULOSIS 


FRANE 
TUBERCULOSIS 


Tonsillar tuberculosis 
Negative tonsils 


ber cent 


93 
11 


per cent 


7 
89 
29 


per cent 
25 
0 
12 


Tuberculous adenitis, cervical 59 


clinical diagnosis was not in every case established beyond doubt and 
the possibility of the nontuberculous nature of these 8 cases cannot be 
excluded. 

We are unable to supply data as to the occurrence of tonsillar tuber- 
culosis in this particular group of cases but reliable evidence (10) is 
available to show that the cervical glands become infected through the 
lymphatics of the neck and the lymphoid tissue of the pharynx in almost 
every case. 

To ascertain the frequency of the pleural cap in other conditions, the 
chest radiograms made in the laboratory over a typical three months’ 
period were reviewed. This phase of the question will be discussed in a 
later paper when a more careful study has been completed. A hasty 
survey of the notes but without a review of the original plates gives the 
following data. 
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Out of the 318 records examined, an apical pleuritis was noted in 43, 
and a frank and extensive tuberculosis often masking the region of the 
apical shadow was noted in 78. Thirty showed an apical pleuritis as 
the sole finding suggesting tuberculosis. If one may assume that this 
pleuritis is tuberculous in nature, one reaches the conclusion that of 
the 318 cases examined during this three-month period, 103 showed 
evidence of tuberculosis and of these at least 40 per cent showed a pleural 
involvement. It is to be emphasized that this percentage is minimal 
for the reasons already mentioned above. 

Various statistics are available as to the occurrence of tonsillar tuber- 
culosis. This lesion was first described by Orth (11) in 1879. In 

~ 1905, G. B. Wood (12) collected published statistics of 1871 tonsillec- 
tomies for all causes and found that 5.2 per cent were tuberculous. In 
this study it was found that 69 per cent of the cases having pulmonary 


TABLE 2 


The distribution of lesions in all the chest radiograms made in the laboratory over a three months 
period, taken from the records without reviewing the plates f 


Apical pleuritis plus frank tuberculosis. 13 


tuberculosis also had tuberculosis of the tonsil. Smearing a culture of 
tubercle bacilli over the tonsils of pigs caused a cervical adenitis and 
tuberculosis and although he was able to recover the organisms from the 
digestive tract, the mesenteric glands were never infected in these experi- 
ments. He concluded that the pulmonary lesions arose by haemato- 
genous metastasis from the cervical glands. From our point of view it 
seems much more likely that the spread was similar to, and followed a 
path like that taken by, the india ink particles in Grober’s experiments. 

B. C. Williams (13) made a careful histological study of the faucial 
tonsils of 29 cases of tuberculous cervical adenitis and was able to 
demonstrate tuberculous lesions in 86 per cent. Unfortunately he did 
not study the lungs in this connection. 

The foregoing figures warrant the conclusion that the lymphoid path 
of infection is possible, and that such descending infection is the rule in © 
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cases of cervical adenitis following a primary infection of the faucial 
tonsil. The question naturally arises as to the importance of this path 
in the transmission of pulmonary tuberculosis. The data given in 
table 2 indicate that the relationship between the apical cap and pul- 
monary tuberculosis is an exceedingly close one, and this relationship is 
difficult to explain on any other hypothesis than that of a direct lym- 
phogenous metastasis through the cervical chain. 

The inhalation theory seems entirely inadequate since the organism 
can only reach the pleurae from its primary lodgment in the lower 
bronchi by metastasis against the prevailing lymph stream, and one 
fails to find a determining factor directing the stream towards ‘the apex 
rather than to some other portion of the pleural cavity. The haemato- 
genous route, after ingestion of the organism into the gastrointestinal 
tract, similarly lacks evidence of a directive force causing the selection 
of the apical pleura as the seat of final lodgment, while the lympho- 
genous route after ingestion requires an itinerary so devious and indirect 
as compared with the route by the cervical chain as to arouse our 
skepticism. 

Lexer (14) has shown that the microdrganisms can enter the body 
through the tonsil and leave no trace in that organ. The adherents of 
the ingestion theory of tuberculous infection have postulated such 
behavior on the part of the tubercle bacillus with respect to the lym- 
phoid tissues of the intestinal canal. As a matter of fact, the tonsils 
form only a fraction of the total lymphoid tissue in the pharynx and we 
have no reason to suppose that the behavior of the tonsil or of the 
remainder of the lymphoid tissue of the neck is in any way different 
from that of the gut. The occurrence of apical caps in 11 per cent of 
the cases in which no tuberculosis was found (table 1) therefore need 
cause no great surprise. By an extension of this line of reasoning it is 
entirely conceivable that many cases of pulmonary tuberculosis have 
been infected by this route without leaving any trace along the route 
except at the apical pleura. _ 

Our general impression is that the pleura offers a considerable barrier 
to the further progress of the infection and that the disease is frequently 
arrested at this point. There are a sufficient number of serial studies 
now at hand in the archives of the Department of Roentgenology to 
demonstrate the quiescence of the denser type of “pleural cap” over a 
considerable period of time. We are not prepared to formulate our 
ideas on this subject further than to express the opinion that the denser 
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and the more sharply defined and delimited the shadow, the more nearly 
harmless it is. On the other hand, we view with suspicion those ‘‘caps”’ 
which are lacking in density and show irregularities on the visceral sur- 
faces as indicating a process not yet fully cicatrized and progressing 
along the connective tissue elements of the lung parenchyma. 

We believe the figures here presented show a close relationship between 
the lesion in question and pulmonary tuberculosis and that a more care- 
ful review of the original plates will probably show a still more con- 
vincing relationship. For it is probable that many pleural caps have 
failed to be recorded in the routine survey of the laboratory or have 
been overlooked in the confusion of shadows commonly seen in the 
extreme apex in cases of frank tuberculosis. We are planning to make a 
complete survey of this sort in the immediate future and to continue 
this study both experimentally and clinically. 


SUMMARY 


1. A shadow that we believe represents a thickening of the pleura 
over the apex of the lung has been described and its relationship to 
tonsillar and cervical gland tuberculosis has been studied. 

2. Such an apical pleuritis is seen in at least 10 per cent of all X-ray 
examinations of the chest coming to the University Hospital laboratory. 

3. Such apical pleuritis occurs most frequently in cases showing 
tuberculous deposits in the faucial tonsils (93 per cent). 

4. With the cervical gland tuberculosis this lesion is recognizable in 
59 per cent of all cases and probably occurs in a larger number, being 
obscured by the shadows of pulmonary tuberculosis, 71 per cent in this 
group showing either this lesion or frank tuberculosis of the lung or both. 

5. Cases without tuberculosis of the tonsil show an apical pleuritis in 
only 11 per cent of the cases. 

6. It is suggested that a common route of infection may lie rene 
the tonsil and cervical lymphatics to the apical pleura and thence into 
the lung. If this hypothesis is accepted it offers a singularly satis- 
factory explanation for the frequency of apical lesions, the predominance 
of right-sided lesions, of the pathogenesis of tuberculous pleurisy with 
effusion and other obscure features of this infection. 
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A CONSOLIDATED MEDICAL REPORT COVERING DIS- 
CHARGES FROM THIRTEEN MINNESOTA COUNTY 
SANATORIA 


ROBINSON BOSWORTH 
Saint Paul, Minnesota 


Those interested in the institutional treatment of the tuberculous 
will appreciate the great importance of complete and accurate records. 
Not only are such records important to show the results obtained in 
each institution but every sanatorium operating as part of a state’s 
system, or better, all sanatoria should maintain the same system of 
medical records to permit not only of comparison but of a consolidation 
of reports. 

A detailed account of patients’ records in use in the 14 county sana- 
toria in Minnesota! was published in The Modern Hospital, vol. 12, no. 1, 
January, 1918. Figure 13 in the Modern Hospital report shows the 
form upon which institutions report on all discharged cases to the 
a Advisory Commission. It is ffom these individual reports that the 
} Advisory Commission compiles the annual medical report of each insti- 
f tution and from these the consolidated report dealt with in this paper. 
The period covered is twelve months, ending September, 1920. 

From a study of table 1 it will be noticed that 664 patients remaining 
over thirty days for treatment were discharged or died during this 
twelve month period. The average residence was a little over thirty- 
one weeks. This is, we believe, a record for institutions caring for all 
stages of tuberculosis, giving preference to the Far Advanced, and tends 
to show that conditions at these institutions were such as to producé 
contentment and willingness for prolonged treatment. 

We may first take the 99 Incipient cases mentioned in table 1. First, 
it will be noted that all but 7 are classified according to the Rathbun 
classification of the National Tuberculosis Association method, which is 
understood by all. We have no explanation to offer in failing to so 
classify 7. Eighty-nine of these have negative sputum, out of which 
number 3 were progressive cases on discharge, although 6 cases were 


1 There are 14 county sanatoria in Minnesota under the supervision of the Advisory 
Commission. Reports from one were received too late to be included in this paper. 
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admitted as having ‘‘C” symptoms. Ten Incipient cases have positive 
sputum and of these 3 were progressive cases on discharge, with “C” 
symptoms on admission. It will be noted that no Incipient case with 
positive sputum was discharged with a better result than Quiescent. 


TABLE 1 


CLASSIFIED ACCORDING TO ALL PATIENTS WHO STAYED OVER 30. DAYS 


Symptoms 
Lesion 


pparent 
cure ~ 
arrested 


C 


| Apparently 
| Quiescent 
Progressive 


| A 
SS | Arrested 


No 


Incipient 


Moderately 
advanced 


Far advanced 


24 | 67 | 54 


* = No sputum report available. $= No Turban classification. Cases not. reported, 


owing to lack of information. 
Total average for all cases (967) for year 28 weeks. Including 132 nonpulmonary tuber- 
culosis cases or nontuberculous cases not tabulated. 


In fact, if the table is followed through the same applies to all cases 
with positive sputum. We have the Annual Medical Report for the 
Minnesota State Sanatorium for the year ending December 31, 1917. 
This report also shows that no positive sputum case was discharged 
better than Quiescent. 
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7 | 58 18 6] 1 0 | 89 24 3 26+ 
6 1 3/1 10 5 3 32 
+ | 
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a} ii 3 3] 1 0 | 20 2 4 2110 2 33 
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1 1 1/m/] 0 3 3 24 . 
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2+ -21 164 8) 2 9} 8} 11 |28+ 
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10 | 19 | 50 | mr] + |228 _| 4 | 43 | 43 |30 
1 * 1 1 56+ 
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Total. ......| 33 |200 |250 664 194 |112 |213 |31+ 
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The value of Rathbun’s modification of the old classification of pul- 
monary tuberculosis is clearly shown in table 1, under Moderately 
Advanced cases. Taking those of the “C” class and studying their 
results as shown by Progressive and Died, we find the classification is 
fairly well borne out by the final results. 

The large number classified as Far Advanced, 316, indicates the 
great value these sanatoria are to the local communities in which they 
are located. Nearly one-half of the total discharged were Far Advanced. 
Of these 316 Far Advanced cases, 176 died and 58 others failed of 
being benefited by treatment, leaving 82 Far Advanced cases to be 
helped. Some of these “improved” cases are so classified because of 
the form of treatment received, namely, artificial pneumothorax. We 


TABLE 2 
Time of residence for all cases 


fd 15 | 6 9 12. | aver- 
CLASS cases | | 15 to30| MONTH | MONTHS | MONTHS|MONTHS|MONTHS| AGE 
é OR pays | TO3 | TO6 TO9 | To12 | AND RESI- 


MORE 


MONTHS/ MONTHS MONTHS 


Moderately advanced...| 287 68 70 | 32 23 56} 216 
423 105 93 23 54 


835 | 101 | 70 200 | 192} 92 56 124 | 188 


1 incipient case died, average residence 3+ weeks. 
39 moderately advanced cases died, average residence 37+ weeks. 
242 far advanced cases died, average residence 41+ weeks. 


do not classify cases so treated as better than Improved on discharge. 
Of the grand total 664, in table 1, there were 325 Progressive or Died 
on discharge or 48 per cent. However, 234 of these were admitted as 
Far Advanced and 190 of the 234 were in the “C” class. 

Passing to table 2, in column headed ‘15 days or less” and “15 to 
30 days,”’ there are listed those not reported in table 1, because of their 
short length of residence. There were 171 who left in less than thirty 
days. As there were 282 total deaths, of which 213 occurred after 
thirty days’ residence, we have 69 deaths occurring before thirty days 
have elapsed. If we eliminate these 69 deaths from consideration, we 
have 102 living cases leaving the institution within thirty days of ad- 
mission, or 12.2 per cent of the total number discharged, which is 835. 
This small percentage we believe is a record. Retaining the number of 
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deaths, which is 69, and using the total 171, with residence less than 
thirty days, we get 20 per cent of all patients remaining less than thirty 
days. We know of only one report from a state group of county sana- 
toria reporting on this feature; and the percentage of discharges in 
thirty days or less was 35.47.2. The total number of cases referred to 
was 409, of which number 129 represent deaths, giving 24 per cent of 
living cases leaving in less than thirty days, compared with 12.2 per 
cent from the Minnesota sanatoria. However, the records should be 
much better. Twenty-six of our Incipient cases failed to remain thirty 
days or longer. Why? Only one death occurred in this group, so 


TABLE 3 
Condition of sputum (positive or negative) for all discharged 


APPAR- APPAR- 
CASES ENTLY |ARRESTED| ENTLY 
CURED ARRESTED 


QUIES- PRO- 
cent | MPROVED! 


Incipient | 6 
iad Neg. 41 28 14 


Pos. 
Moderately advanced { Neg. 44 x 


Pos. 55 75 
Far advanced Nie. 23 12 


Pos. 16 116 138 
Neg. 26 69 39 95 45 


3 incipient cases not included in above report due to lack of information. 
3 moderately advanced cases not included in above report due to lack of information. 
3 far advanced cases not included in above report due to lack of information. 


there remains 25 Incipient cases to explain the failure to hold. Every 
sanatorium man encounters new patients who refuse to remain, some 
because of homesickness, disappointing surroundings or the presence of 
others with advanced disease, and some simply because they are neurotic 
and are difficult to satisfy or to impress with their responsibilities. 
However, a greater effort should reduce the number of such failures. 
Table 3 shows the condition of the sputum on discharge of all living 
cases with the results of treatment. It will be seen that of a total 
544, 270 had positive sputum and 274 negative sputum on discharge. 


2 Amy L. Mercer, Bureau of Tuberculosis Hospital Admissions and Discharges, Trans- 
actions of the Thirteenth. Annual Meeting of the National Association for the Study and Pre- 
vention of Tuberculosis. 


CLASS | 
Total 270 
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Attention is called to the 45 negative sputum cases discharged as Pro- 
gressive as against 138 positive cases so classified. Note also the failure 
to discharge any positive sputum case better than Quiescent, while 69 
negative sputum cases were Apparently Arrested and 26 Arrested. 


TABLE 4 
Results of sputum examinations 


TREATMENT 


EXTENT OF PHYSI- 
CAL SIGNS ACCORD- 
ING TO TURBAN 


Without tuberculin 
Incipient I Tuberculin over 90 days 
Tuberculin 90 days or less 


Without tuberculin 
Tuberculin over 90 days 
Tuberculin 90 days or less 
Without tuberculin 
Tuberculin over 90 days 
Moderately Tuberculin 90 days or less 


advanced Without tuberculin 
Tuberculin over 90 days 
Tuberculin 90 days or less 
Without tuberculin 
Tuberculin over 90 days 
Tuberculin 90 days or less 


Without tuberculin 
Tuberculin over 90 days 
Tuberculin 90 days or less 
Without tuberculin 
Tuberculin over 90 days 
Ee Nee Tuberculin 90 days or less 
Without tuberculin 
Tuberculin over 90 days 
Tuberculin 90 days or less 
Without tuberculin 
Tuberculin over 90 days 
Tuberculin 90 days or less 


1 incipient case, 2 moderately advanced cases not reported due to lack of information. 
O = Tubercle bacilli absent. t= Present. A = Admission. R = During residence. 
D ={On discharge. P = Previous to admission. t = No Turban classification. 
¥*. When tubercle bacilli were present on admission, no note is made with regard to pre- 
vious examinations. When tubercle bacilli were present previous to admission, and also at 
any time during residence, they are marked as present on admission. 
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The total number discharged with positive sputum brings up the ques- 
tion of home infection again, and the proper step to take which would 
be a fair one to the individual as well as to the public. Is it the indus- 
trial colony medically supervised? Not considering the 138 progressive 
cases with positive sputum, we would have 132 positive sputum cases, 
the majority of which would be suitable for colonization. This number 
available each year from our group of sanatoria, all with positive sputum, 
would at least seem to prove the need of some such arrangement for 
their care and for the public good. The 138 positive sputum cases dis- 
charged as progressive should of course not have been discharged at 
all, but should have remained in the sanatoria, and represents as great 
if not greater failure on our part than the 102 cases who failed to 
remain thirty days or longer. 

As this paper deals with the value of accurate and complete sana- 
torium records we will include here the results of the financial reports 
received by the Advisory Commission from the several institutions each 
month, as the figures may be of interest at least to sanatorium admin- 
istrators. 

The average cost per patient for maintenance only, for all the 
sanatoria in the year 1919, was $2.62. After deducting receipts from 
all sources the net cost to the counties maintaining the sanatoria was 
$1.67 per day per patient. These figures do not include permanent 
improvements, enlargements, etc., but do include all maintenance 
expenses. The figures for the first six months of 1920 were $2.89 as the 
cost per day per patient and $1.80 as the net cost after subtracting 
receipts. The average cost per meal per individual for raw food was 
only 19.8 cents for 1919. The average cost served per meal was 22.3 
cents for the same period. This latter figure includes the cost of buy- 
ing, cooking, serving and maintaining of culinary department. For 
the first six months of 1920, we have 20.9 cents as the average cost per 
meal for raw food and 23.7 cents served. It has been our experience 
that the difference in cost between the raw food and the served meal 
was two or three cents per meal. This would appear correct from the 
reports from our sanatoria. 


ROBINSON BOSWORTH 


CONCLUSIONS 


1. Complete and accurate medical reports from each sanatorium are 
of great value, while similar records from a group which can be con- 
solidated in one comprehensive report are of still greater value. 

2. The average length of residence (31+ weeks) is exceptionally good 
but should be increased. 

3. The best results, Arrested and Apparently Arrested, are with the 
Incipient and Moderately Advanced cases with negative sputum. 

4, The county sanatorium is proving its value to the community: 
52 per cent of all cases admitted, remaining over 30 days, were bene- 
fited by treatment. 

5. From a total of 402 positive sputum cases, remaining thirty days 
or longer, 186 died and in 93 the disease progressed, leaving 123 as being 
benefited. It should be remembered that of-these 402 positive sputum 
cases, 258 were classified as Far Advanced on admission, 159 of these 
in the ‘‘C” class, 134 more were Moderately Advanced and 40 of these 
were in the ‘‘C”’ class. ‘Thus there were a total of 199 in the “‘C”’ class 
(Moderately Advanced or Far Advanced) to account for the 186 Moder- 
ately Advanced and Far Advanced who died. This only illustrates 
the class of patients being admitted to these sanatoria which is as the 
state law provided, namely, preference being given to advanced 
cases. 

6. The Rathbun modification of the National Association classifica- 
tion has proved to be a great improvement, as shown by the end results. 

7. Twenty per cent of Incipient cases failed to remain thirty days or 
longer (no deaths included): 12+ per cent of Moderately Advanced 
cases failed to remain 30 days or longer (no deaths included): 9 per cent 
of the Far Advanced cases failed to remain thirty days or longer (no 
deaths included): 12.2 per cent of all cases remained less than thirty 
days (no deaths included). 

8. On discharge 270 cases had positive sputum while 274 cases had 
negative sputum. On admission or during residence, 83 had positive 
sputum; but negative sputum on discharge. Eleven had negative spu- 
tum on admission but positive sputum on discharge. 

9. A solution of the positive sputum case on discharge must be found. 
At present the writer favors a state industrial colony for a certain per- 
centage of these. 

10. We are not getting Incipient cases into sanatoria in large numbers. 
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11. The number of cases remaining less than thirty days is too many 
and must represent wasted money and effort on the part of the institution. 

12. Although 83 patients were admitted with positive sputum or 
had it during their residence and were discharged with negative sputum, 
none of these were discharged with a better result than Quiescent (see 
tables 1 and 4). 

13. The number of active cases with positive sputum restored to 
health, compared to those so afflicted in and out of our institutions, is 
much too small to have any considerable influence on the decline of the 
death rate from tuberculosis. 

14. The number of positive sputum cases which do not have the 
opportunity either before or after sanatorium treatment for infecting 
others in the family is exceedingly small. ‘Thirteen cases had positive 
sputum during treatment but negative on admission and discharge, 
compared to 528 with positive sputum either on admission or on dis- 
charge. 

15. From the above it is plain that the ideal, for sanatorium care to 
prevent the spread of infection, is not attained and will not be until 
(1) the case is admitted before the sputum becomes positive and (2) 
proper solution is found for the control or supervision of the positive 
sputum case after discharge. 
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SUNLIGHT AND ARTIFICIAL LIGHT THERAPY 
IN TUBERCULOSIS 


A CRITICAL REVIEW 


EDGAR MAYER 


Saranac Lake, New York 


The application of light, both natural and artificial, in tuberculous 
affections has gradually come to assume enough importance, particularly 
among foreign workers, to call for special consideration. The writer 
has therefore attempted a résumé of the subject, in an endeavor to learn 
what may be considered its present position in treatment. There has 
and always will.be, in medicine, two extremes: the one refusing ever to 
consider a new mode of treatment which had not proved useful in earlier 
years; and the other grasping only too soon whatever new treatment 
may be offered. To strike the happy medium is, of course, our endeavor. 


Light therapeusis is not, however, as recent a procedure as one is at first 
prone to believe. 


HISTORICAL 


One already finds mention of the value of the sunlight in the writings 
of Herodotus and Hippocrates. The ancient Egyptians worshipped their 
sun god. The Greeks and Romans built solaria in their homes and on 
their terraces. However, very little attention was otherwise given to sun 
treatment until the French revived it shortly before 1800. We then meet 
with the publications of Bertrand and Leconte, and following these, of 
von Lobel, Cauvins and Dobereiner. In 1801, Ritter reported the action 
of ultraviolet rays upon silver chloride. In 1818, Grotthus formulated 
his law, ‘“‘Only the rays absorbed are effective in producing chemical 
change.” About 1840, Ollier and Poncet of Lyons published their ob- 
servations on the treatment of tuberculous arthritis with sunlight. Bon- 
net, about the same time, advised sunlight for arthritic cases as the treat- 
ment of choice, and emphasized the general raying of the body. Rickli, 
in 1855, in Switzerland, also published his article on the “Atmospheric 
Cure.” It was not until 1899 that the actual importance of this treat- 
ment was realized, when Finsen published his work upon the violet and 
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ultraviolet rays in the therapy of lupus as well as the treatment of small- 
pox with the red light. Following him, in 1902, Bernhard of St. Moritz, 
impressed by the custom of the Swiss butchers, who cured their meat in 
the sun, treated in this way an Italian with a suppurating wound of the 
abdomen. The healing of this case was so remarkable that all other 
wounds were similarly treated. Bernhard soon afterwards issued his 
publications on his surgical cases treated by exposure to sunlight. Isg- 
norant of Bernhard’s work, Rollier in Leysin, in 1903, began treating 
his tuberculous cases in the same way. For four years previously he 
had worked as assistant to Kocher. In 1904 Malgat at Nice first tried 
the treatment of pulmonary tuberculosis with sunlight. Morin a little 
later applied the same treatment for pulmonary tuberculosis of children. 
In 1911 Bardenheuer in Cologne and Escherich in Vienna first gave their 
reports on the use of sunlight in the lowlands; and von Schrotter fol- 
lowed them with the publication of his experiments. 

The first real stimulus to artificial light therapy was Finsen’s work. 
He used the carbon arc light for the treatment: of lupus, in which he 
emphasized the importance of the violet and ultraviolet end of the spec- 
trum. In 1892 Arons first learned that a container with mercury vapor, 
if electrified, emitted a bluish light which had no red or orange rays. 
Following this Cooper Hewitt patented his glass lamp based on Arons’s 
discovery. Then Heraeus succeeded in melting quartz crystals, so that 
quartz containers were soon made by Ktich and others. In 1904, Kro- 
mayer was among the first to therapeutically use the quartz light, at- 
tempting, after Finsen’s work, to apply pressure lenses and use water- 
cooling attachments; so that during subsequent years other lamps were 
manufactured in accordance with his suggestions, culminating in the 
present Kromayer lamp. 

Nagelschmidt, of the Finsen clinic, first worked along the lines from 
which the final mercury quartz lamp was constructed. Bach later 
tried to modify it, attempting to use the ozone generated by the lamp 


but this proved unsuccessful. 


THE COMPONENTS OF SUNLIGHT AND THEIR PROPERTIES 


When passed through a prism sunlight splits up into its individual 
rays. The visible spectrum is made up of the red, orange, yellow, green, 
blue, indigo and violet colors; the invisible consists of the infrared and 


ultraviolet rays. 
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Figure 1 is a graphic representation of the rays with their respective 
positions in the spectrum. The rays are considered in terms of their 
wave length and number of oscillations per minute. The wave lengths 
are generally designated in terms of micra, millimicra or Angstrom units. 

Schunck divides the regions of the spectrum into the following: 


Angstrom units 
MM) 
7594-3934 
3934-1850 
1850-1230 
1230-600 


Visible region 

Ultraviolet region 

Schumann region 

Lyman region 

Unexplored region 


Richardson and Bazzoni are supposed to have recently extended the 
known region from 600 to 420 A. U. 

The infrared rays lie between 130u and 800uuz. Their chief action is 
to produce warmth. They may possibly also produce chemical changes 
and be bactericidal; but their immediate effect is a widening of the blood 
vessels, with an increased amount of blood brought to the skin, and in- 
creased sweating. Redness occurs, and blisters can be produced. There 


is no latent period. The reaction occurs immediately after the rays are 
absorbed; and the biologic changes immediately disappear after a dis- 
continuance of the exposure. They are selectively absorbed by humid- 
ity, as is shown by the water-absorption bands. It is hoped that more 
will be learned about these rays, for they may possess very important 
functions that are at present not understood. The gap between 130u 
and the Hertzian or electric waves has not yet been worked out. 

Light rays, extending from 800uu to about 400uu, make up the visible 
spectrum. When they are exposed to the retina, there is a definite 
latent period before the light reaction occurs. This latent period varies 
with the intensity of the light. The rays show themselves only through 
their physiologic action and leave no lasting traces on the rayed cells. 
They have good penetrating power, which is greatest at the red end of 
the spectrum. This end has the longest wave lengths and the smallest 
number of oscillations. It is the heat-producing end, while the violet 
is the chemical end. The reds produce a hyperemia immediately upon 
raying, and this disappears soon after exposure. 

Beyond the violets, extending from about 380up to about 60uu, we 
find the ultraviolets. In sunlight these extend to 291uy. With very 
short wave lengths they easily produce chemical changes; but a definite 
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SUNLIGHT AND ARTIFICIAL LIGHT THERAPY 79 
latent period exists before the erythema set up by them appears. Bac- 
teria are easily affected by them, an action well detected with the ultra- 
microscope. If.one places organisms before the Kromayer lamp, move- 
ments of bacteria are seen to stop and death may result. The Brownian 


movement of colloidal particles in albumin molecules is quickly in- 
hibited, evidently by a process of coagulation; and the’ cells are killed. 
These ultraviolets are the pigmenting rays, the best ones occurring 


TABLE 1 


Regional division of ultraviolet rays (Shepard) 


REGION OF 
WAVE 
LENGTHS 
IN 


DENOMINATION (OR 
ABBREVIATED DENOMI- 
NATION) 


REMARKS ON CHARACTERISTICS AND SOURCES 


500-440 
400-380 
380-340 
340-300 


300-220 


220-180 


180-120 


Blue 

Violet 

Glass ultraviolet 
(glass-violet) 

Jena-glass-ultra- 
violet (Jena- 
glass-violet) 

Quartz glass ultra- 
violet glass 
(quartz glass 
violet) 

Quartz crystal ul- 
tra violet (crys- 
tal violet) 

Fluorspar ultravio- 
let (Schumann 
violet) 

Reflex ultraviolet 
(reflex violet) 


Transreflex violet 


Visible 

Visible 

Transmitted by ordinary glass in moderately thick layers; 
profusely emitted by electric arc with carbon poles 

Transmitted by Jena ultraviolet crown glass; profusely 

emitted by uviol mercury lamp 


Transmitted by fused quartz (and calcspar) in not too 
thick layers; the last portion of the emission of quartz 
mercury and quartz-amalgam lamps 


Transmitted by moderately thick layers of crystalline 
quartz (also by gypsum and rock salt); can be decom- 
posed in the quartz-spectograph 

Still transmitted by good fluorspar, but completely ab- 
sorbed by short air spaces; decomposed in vacuum spec- 
trum apparatus with fluorspar media 

Strongly metallically reflected from all the above men- 
tioned solid media, according to theory of dispersion 
only to be investigated in their absence; dispersable 
with reflection grating (Lyman) 

Unknown 


around 


Those below 290uy are much more irritating; and, as a 


result, have a tendency to set up a severe erythema unless the dose is 
carefully graded. 

All the rays of the spectrum have some slight warmth and chemical 
properties. Beyond the ultraviolets of 180uu are seen the fluorite ultra- 
violets or Schumann’s region (see table 1). Quartz or rock crystal glass 
is permeable for the ultraviolets down to 180uu, while fluorite is permea- 
able for those of Schumann’s region. The shortest known ultraviolets 
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are those of Lyman, only recently explored. Beyond the ultraviolets 
one gets into the field of the X-ray, and beyond this into the field of 
radium light vibrations. At the long end of the spectrum are the longest 
rays, which give us wireless waves, first described by Hertz in 1886. 
These are considered to be electrical waves because an apparatus such 
as the Leyden jar can produce them. They are really waves of the ether. 
The existence of other waves, known as the N waves (described by Blond- 
lot of Nancy), formerly believed to exist either near the wireless waves or 
at the opposite end of the spectrum near the X-rays, has been disproved. 
_ The chemical effect of the ultraviolets upon bacteria is similar to their 
action upon proteins: a soluble protein easily becomes an insoluble one. 
This action will be considered under experimental work. There is a 
sharp difference between the effects of the ultraviolets of 300uyu and those 
of 290uu upon proteins, as shown by Henri, and upon bacteria, as shown 
by Russ. The former may barely produce changes while those around 
the latter, (and below), can show great chemical and destructive power. 
The ultraviolets, in passing through air, are easily absorbed, re- 
flected and bent by impurities such as smoke, gases, dust, humidity, 


etc. Even mere passage through atmosphere itself causes a splitting 
off by a scattering. In contrast to the reds, the ultraviolets are quite 
easily reflected and absorbed. The law of reflection no longer applies 
when the particles in the air are smaller than the length of the rays. 


There is probably a specifically greater variability in the intensity of the 
ultraviolet region as compared with the other parts of the spectrum. The 
disturbing factor is the variation of the transparency of the atmosphere for 
these rays. The transparency to the ultraviolets appears to depend chiefly 
on the presence of condensed water particles. Condensation produced by 
the cooling due to expansion occurs much more readily in nucleated air than 
in air free from nuclei. Aitken considers that dust alone is sufficient to 
account for atmospheric condensation. Arrhenius and others say that nucle- 
ation by ions plays an important réle: the ionization may be secured chiefly 
by the discharge of negative electricity by ultraviolet light at the earth’s 
surface or by direct ionization of moist air by ultraviolet light. The action 
brings about, as it were, an autocatalysis of the absorption of ultraviolet light 
by the atmosphere. The ozone content of the atmosphere is another variable 
factor, since ultraviolet light affects it. (Bayliss.) 


Outside of our atmosphere the transparency to ultraviolet depends 
chiefly on the ozone content. Water vapors and air have about the 
same absorption power, the limit being 170yy. 
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The most suitable substances for reflecting the ultraviolets are plati- 
num, nickel, silicon and an alloy of magnesium and aluminum. Snow, 
ice and water also enhance the powers of these rays by reflection, so 
that the greatest intensity exists at the seashore and high altitudes. 
After snowfall, light intensity is greatest. The deserts and prairies may 
also be rich in ultraviolets. 

Warmth and light intensity decrease progressively from the equator 
to the poles. The greatest possible yearly sunshine has its nearest 
approach at Kimberley in South Africa, which possesses 3200 hours out 
of a possible 4380 hours. 


PENETRATION 


Many divergent opinions exist in regard to the exact penetrating power 
of the various light rays. Hasselbach offers the following scale for the 


ultraviolets: 


ULTRAVIOLET 


Wave Length, 405 | 366| 354) 313 | 302} 289 
Thickness: Skin, 0.1 mm...... .|59.0%|55.0%|49 .0%/42 .0%| 30.0% 8.07) 2.0%|0.01% 


Thickness: Skin, 1.0 mm 0.3% 0.08% 0.02% 


Here the penetration from 313uy down is seen to decrease rapidly: 
There is 70 per cent loss at 313uy, 92 per cent loss at 302uu, and prac- 
tically 100 per cent loss at 297uu. 

Before taking up other opinions on penetration, it is necessary to con- 
sider figures 2, 3 and 4 by Schanz showing the spectra of sunlight, the 
quartz mercury arc and the open carbon arc respectively. These were 
taken with a quartz spectrograph, the sunlight pictured at noon in Dres- 
den. The visible spectrum extends roughly to 400yy, the invisible or ul- 
traviolets of sunlight reach to about 290uu, and the ultraviolets of the 
mercury and carbon arc to 220uu. Because of the dense atmosphere at 
the time, many ultraviolets of sunlight were unfortunately lost, while 
the reds and ultrareds were not picked up by this spectroscope. Figure 
3 shows the spectrum of the quartz mercury light (according to Schanz) 
as a line type, discontinuous, and in contrast to the continuous one of 
sunlight (see also figure 5). Figure 4 shows that the carbon arc, which 
will be considered later, contains all the ultraviolets of the mercury light 
and has a continuous spectrum like that of sunlight. It contains also 
the red rays of sunlight. (The reds are not shown here because the 
photographic plate was not sensitive enough on these short exposures.) 
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Fic. 2. SoLAR SPECTRUM PHOTOGRAPHED WITH A QUARTZ SPECTROGRAPH IN DRESDEN AT 
Noon 


The exposures were not long enough to detect the red rays; the ultraviolets in sunlight, 
which ordinarily extend to about 290yu, were also not completely photographed with these 


exposures. 


Fic. 3. SPECTRUM OF THE QUARTZ MERCURY ARC 


It is a band type, discontinuous, extending to 220uy. The red end of the solar spectrum 
is not present in the quartz mercury light. Additional short ultraviolets are found. 


Fic. 4. SPECTRUM OF THE OPEN CARBON ARC 


The red rays, similar to those of the solar spectrum, were not detected with these exposures. 
However the additional short ultraviolets that extend to 220up are shown. Special carbons 
are used here. Ordinary carbon electrodes emit much fewer ultraviolet rays and these do 
not usually extend as low as 220unz. Higher amperage is required. 
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In the manufacture of lamps, various types of glass have been used 
which are permeable to the ultraviolet ray, and are marketed as uran- 
glass, uviol-glass, cobalt-glass, blue-violet, tafel-glass, fluorite and rock 
crystal or quartz. Quartz and fluorite are permeable for the short ultra- 
violets, whereas the other glass is for the most part impermeable for 
those rays which are much below 300yyz. 

The spectrum of a mercury quartz lamp, as found by Jiingling, showed 
one line in red, two in yellow and green, a strong one in violet at 436uy, 
some few violets between 436uu:and 400uu, and then between 400uu 
and 290uu the following ultraviolets: uy 390.8, 366.3, 365.4, 365.0, 334.1, 
313.1, 312.6, 302.8, 302.3, 302.2, 296.7, 292.5. Beyond this there was 
an abundance of short ultraviolet rays from 292.5uy to 184.6u. 

From this we learn that the light is less rich in the longer ultraviolet 
rays, but contains an excessive amount of the short ones: the latter are 
the important rays to be considered in thislamp. There are very strong 
bands at 280up, 265uy and 248upz. Uviol glass will let through to 250yu. 
Depending upon the quality and the thickness of the glass, ordinary 
window glass will let through some long ultraviolets; but for the most 
part one can say that window glass is rather impermeable to them. It 
shuts out the short ultraviolets completely. An analysis of the mercury 
quartz light spectrum, as madé for the United States Government, is 
shown in figure 5. This demonstrates its richness in the ultraviolet 
rays. The violet and blue rays are seen to be present also in fairly large 
numbers. 

Jiingling compared with sunlight the various dosages that would 
bring about erythema. He found that with open sunlight, that which 
was obtained in fifteen minutes could be equalled by sunlight filtered 
through window glass (which let through the ultraviolets from 313yp 
upward) in forty-five minutes. With the quartz light open, the same 
erythema was obtained in one minute; and if this light was filtered with 
very fine object-carrying glass (microscopic cover slip) which let through 
from 280upy upward, the erythema occurred in ten minutes. Blue glass, 
if used, does not let in more violets and ultraviolets but eliminates the 
red end of spectrum. Workers have tried to obtain a filtered quartz 
light so that the patient could endure the exposures for a longer time if 
the short ultraviolets were eliminated; in this event they could then 
develop a better pigment without the irritating erythema. However, 
the types of glass that had to be used were too easily broken and eventu- 
ally the chemical changes produced after long use rendered them unsuit- 
able. 
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Finsen originally showed that the ultraviolets possessed very little 
penetrating power and were absorbed by the blood in the superficial ves- 
sels. By passing light through the ear, he was unable to obtain pene- 
tration of the ultraviolets unless he rendered the ear bloodless. The 
rays of long wave length, however, passed through. Russ could easily 
penetrate sections of the skin, cut from the human abdomen, with the 
ultraviolet rays. This he studied with the spectrograph. He also 
showed that rays from the Simpson light (Wolfram electrodes) are ab- 
sorbed in 1.5 mm. of freshly cut human skin. Jansen and Bach found 
that the ultraviolet ray penetrated from 0.5 to 0.8 of a millimetre. Jan- 
sen tried to kill bacterial cultures through layers of skin and found that 
the shortest ultraviolets lost their power after penetrating thin layers. 
Nevertheless, in other experiments, some have felt that the short waves 
were able to penetrate living tissues, such as the cheek and hand, as 
demonstrated by Finsen, Busck and Lenkei. The latter two showed 
that the greatest penetration. was possessed by the reds and infrareds. 
However, photographs were taken through a hand of about 3 cm. thick- 
ness with silver chloride plates (which were not sensitive to the heat 
rays). 

Henri offers the following figures, showing the thickness of layers of 
protoplasm that absorb 90 per cent of the ultraviolet rays of different 
wave lengths: 


6.0 3.8 
219.5 | 214.4 


Thickness of protoplasm in yu 79. 3. 0 
Wave length in 


To determine this, he employed as screens either euphos glass or colloidal 
solutions of silver. Euphos glass in a thickness of 0.75 mm. cuts off very 
little of the visible spectrum but allows only a small amount of the ultra- 
violets to pass through. Colloidal silver, in a thickness of 20 mm., 
allows no visible rays to pass, but is fairly transparent to ultraviolets as 
low as 210uy. 

Schmidt showed that the red rays were able to pass through very thick 
layers. Others have attempted to penetrate fatty tissue and muscle, 
and have found that whereas it took one second to penetrate the former, 
it required sixty seconds to penetrate the same thickness of the latter. 
Lenkei demonstrated that the blue and yellow rays penetrated tissues less 
than an inch; but in the absence of muscular tissue, the blue penetrated 
more than an inch. The yellow rays, in small amounts, penetrated 
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almost three inches and the red rays had still greater penetrating powers. 
He found further that only 5 per cent of sunlight consisted of blue rays, 
whereas 80 per cent consisted of yellow and green. Schamberg was able 
to penetrate the tissues of the cheek and affect a photographic plate in 
the mouth, with the ray from an incandescent light intensified by a re- 
flector. Busck succeeded in affecting a photographic plate through his 
hand with the red, orange and yellow rays in five seconds; but the blue 
and violets and ultraviolets did not affect it in ten minutes. Kime, Rol- 
lier and Malgat believe that they can show light passing through the 
thorax, forearm and hand. Gebhard demonstrated penetration through 
the palm with the electric arc. More recently, Gassul and Levy have 
reported on the deep penetration of the ultraviolet rays in white mice. 
They compared the ultraviolet light with the red light and could not 
obtain changes in the deep organs with the latter. The changes with 
the ultraviolets were an increased vascularity of the spleen and liver, 
increase of plasma cells in the splenic pulp, cellular infiltration and necro- 
sis of the liver, and marked hyperemia of the kidneys. From this we 
see that the question of the exact penetration of the ultraviolet ray is 
still unsettled but the accepted opinion must yet prevail that the penetra- 
tion ts very slight and does not go far beyond the superficial layers of the skin. 
The works of Gassul and Levy are not very convincing as regards a 
deep penetration of these rays. 


PHYSIOLOGY OF LIGHT RADIATION 


There is so much diversity of opinion in regard to the changes in body 
physiology due to light, that the whole matter is not really clear. Some 
fairly complete studies have been made of the changes in the blood cells. 
Rollier has found with sunlight radiations an increase of the leucocytes, 
so that they average 10,000—13,000, an increase of the polymorphonuclear 
cells at the start, and then in cases with good prognosis an increase of 
lymphocytes. Red cells and hemoglobin were increased without sun- 
light exposures, due probably to the altitude change. The part that 
altitude plays must be taken into consideration in his results. Hyde, in 
the lowlands, has found increased red cells and hemoglobin end slight 
eosinophilia, with increased lymphocytes as the pigmentation progressed. 
Lenkei found an 8 per cent increase of erythrocytes, and 6 per cent of 
leucocytes. Von Schrétter claimed this was due to climatic influence. 
Others believe that the light rays, by destroying the superficial red cells, 
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stimulated a compensatory overproduction of new erythrocytes. In- 
creased concentration of the blood, resulting from sweating might also 
account for the change. D’Oelsnitz at Nice found a turn to the right in 
Arneth’s formula in favorable cases: red cells and hemoglobin were also 
increased. Janet Clark more recently has determined the effect of the 
filtered light of different wave-lengths from an iron arc upon the blood 
cells of the rabbit. She found that the ultraviolet rays below 300uu can 
produce marked lymphocytosis lasting about three weeks, but have no 
effect on the absolute number of polymorphonuclear cells. The ultra- 
violets between 300uu and 390up have a markedly depressing effect on the 
lymphocytes and to a less degree on the polymorphonuclear cells. The 
rays between 450uu and 650upu have a stimulating action on both lym- 
phocytes and polymorphonuclears. The rays beyond 650yuy have no 
effect. The erythrocytes remain unaffected with all rays for short 
exposures. 

Berner concluded from his investigations upon patients treated with 
the mercury quartz light that there occurred no change in the red cells 
and hemoglobin but a decrease of the polymorphonuclear cells and a 
relative increase of the lymphocytes. He considered the drop in leuco- 
cytes analogous to the drop in lymphocytes when X-ray was employed. 
(Recently Russ, Chambers and Scott noted a marked drop in the lym- 
phocytes of mice on exposure to very small doses of the X-ray.) Nicke, 
in employing the mercury quartz light, noted that immediately after ex- 
posure the polymorphonuclear cells in the peripheral blood as well as 
those in the part rayed were diminished. Somewhat later, however, the 
total leucocytes increased to a point higher than the count at the very 
beginning, and this in turn soon dropped to normal. 

Loéwenhardt found the very same changes in the red and white cells as 
Berner did. She further concluded that light, especially the blue light, 
increased the total quantity of blood. A suggestion was offered that the 
absence of any changes in the red cells and hemoglobin on the applica- 
tion of the mercury quartz light might be a false one, because of the drop 
in blood pressure. Higher blood pressure might give a greater count 
per cubic millimetre of blood. 

Bardenheuer, at Leysin, found that solar exposures produced a lym- 
phocytosis and a leucopenia; it seems, however, that altitude also played 
apart. Marti found in rats, kept in darkness sixteen days, a decrease of 
red cells and hemoglobin; this changed to an increase when they were 
exposed to the carbon arc. His findings are in contrast to many other 
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reports but undoubtedly differences in technique account at least in part 
for the conflict. Mayer, of Davos, using rabbits and rats, found an 
erythrocytosis when the animals were kept in the dark (due to altitude, 
he believed) but the red cells did not reach their maximum as speedily 
as in those animals that were exposed to light. Biirke did not find an 
increase of the red cells or hemoglobin at a high altitude. Bering com- 
pressed the shaved ear of a mouse for four hours with a quartz lens 
attached to a mercury quartz light and obtained an increase of the red 
cells. 

From the many opinions that have been offered, it seems quite dif- 
ficult to dogmatically state the exact blood changes which altitude and 
light individually bring about, just as it is difficult to differentiate the 
changes brought about by the various regions of the spectrum. How- 
ever, the majority opinion is in favor of altitude itself bringing about an 
increase of the red cells and hemoglobin, and that the drop in leucocytes, 
with a relative increase in lymphocytes, can well be due to the light 
rays; likewise, that lymphocytosis generally accompanies pigmentation; 
and finally. that the absence of light will have little effect upon the red 
cells and hemoglobin, or that at least, if it does, it is rather a fleeting one. 
It is also probable that the longer ultraviolets and the dark violets should 
be given considerable credit for the blood changes, since the short ultra- 
violets are absorbed by very thin layers of skin. 

Taylor examined 38 people who returned from a summer’s vacation 
at Woods Hole, Massachusetts, and found an absolute increase of lym- 
phocytes in 25 out of the 38, in accord with the development of pigment. 
Of the 13 with no increase, 2 failed to tan, 6 were so dark originally that 
it was impossible to determine an increase in the pigment, and 5 had a 
high count from the first. This lymphocytosis resembled the response 
of animals to small doses of X-ray, and was considered as possibly due to 
the effects of the ultraviolet ray. Taylor suggested the possibility of 
ultraviolet radiation acting directly upon the lymphoid tissue. This, of 
course, was pure hypothesis. During the stage of lymphocytosis in 
animals exposed to the X-ray, proliferation of the lymphoid tissue was 
found. At certain stages after splenectomy, and after the inoculation of 
cancerous tissue into cancer-immune animals, and following exposures to 
dry heat, an unexplained lymphocytosis has been found to develop 
(Murphy and Nakahara, Sturm, and others). Corper, however, could 
not verify this lymphocyte increase. The exact cause of these changes 
must yet be shown. Traugott, after ultraviolet radiations, found that 
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there was no change in the number of red cells in man; but there was a 
uniform increase in the leucocytes, if the exposures lasted from ten to 
fifteen minutes. A similar increase obtained in the lymphocytes, as well 
as a more rapid coagulation of the blood and an increase in the number 
of blood platelets. The changes due to ultraviolet or X-ray or radium 
radiation upon blood outside the body are almost negative, so that all 
the blood variations found in vivo are hardly to be ascribed to a definite 
cause. 

In studying the effects of an absence of light, Schoenenberger demon- 
strated that in blood counts made upon horses that had been for years 
confined in mines, and likewise in similar examinations made upon polar 
explorers who had been living for months in the polar nights, there was 
no change in the red cells and hemoglobin. Gudzent found that pro- 
longed exposure to the ultraviolet rays increased the red cells and hemo- 
globin. Bering found this increase due to a thickening of the blood. He 
exposed white mice to artificial ultraviolet rays and found an increase of 
the red cells and hemoglobin after a three hours’ exposure, but the white 
cells remained unchanged. Grober and Sempell found no anemia in 22 
horses that had been in mines at a depth of 637 metres for from five to ten 
years. The red cells were slightly increased and the hemoglobin little 
decreased. Graffenberger, on the other hand, said that the absence of 
light diminished the hemoglobin and the total quantity of blood. Marti 
likewise maintained that he demonstrated in rats a decrease in the num- 
ber of red cells and hemoglobin. Exposures of animals to the mercury 
quartz lamp have shown for some a definite increase in the red cells. 
Similarly, observations made during expeditions in the Egyptian desert 
have shown an increase of the red cells. This lack of uniformity in the 
blood changes may be due to differences in technique or variations in 
the time at which the blood was taken or variations in the periods of 
exposure. However, it does indicate that certain blood changes may 
occur, and this should stimulate further interest in the matter. 

In a further consideration of effects upon the blood, Hertel found that 
under exposure to the ultraviolet rays a change occurred from oxyhemo- 
globin to reduced hemoglobin. Hasselbach found that with the rays 
under 310uu, the lipoid membrane was dissolved and hemolysis occurred. 
Grober demonstrated that the ultraviolet rays were absorbed by the 
blood in large numbers; Bering and Meyer, that the ultraviolet rays 
increased the peroxidases of the blood; Quincke, that the cells of the 
blood took up oxygen more quickly in the light than in the dark. The 
ultraviolets therefore exhibited both an oxidizing and a reducing action. 
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As concerns respiration Hasselbach noted a change to slower and 
deeper breathing after exposures to the ultraviolet rays. With sunlight 
von Schrétter, Durigs and Zuntzs found decrease of alveolar CO2, deeper 
respiration and increased ventilation. Lenkei noted deeper but faster 
breathing. 

The pulse may or may not be affected. With ultraviolet radiation, 
it is usually unchanged. With sunlight there is generally an increased 
frequency. Augsten, after exposures to the ultraviolet light, found no 
change in the pulse and respiration, but there was a lowering of the blood 
pressure. ‘The opinion is uniform that there is a diminution of blood 
pressure following light exposure, due to dilatation of the cutaneous 
vessels, or, according to von Schrotter, to a deep central effect. 

The urine has been found by von Dohl, Dotzel and others to contain 
albumin after ultraviolet exposures; but this was eventually considered 
to be of orthostatic origin. Diuresis occasionally occurs. 

Various changes, not uniform, occur in the body temperature. After 
exposure to sunlight, the skin temperature usually rises, and the deep 
temperature falls. However, if patients expose themselves to sunlight 
completely clothed, heat will be retained and the deep temperature will 
rise. In this case, likewise, blood pressure may increase. Lenkei saw 
both a fall and rise of rectal temperature; Ivanoff never observed febrile 
reactions. After ultraviolet exposures, the first effects are occasionally 
a slight rise in body temperature which is later followed by a fall. At 
times, in some patients with rather high fever, the ultraviolet exposures 
have gradually but consistently lowered the temperature. Levy found 
no uniform change in the body temperature while using the ultraviolet 
rays. ‘There were various oscillations and an occasional subfebrile reac- 
tion, but no uniform results. 

On the nervous system ultraviolet exposures frequently have a soothing 
effect; but at times patients become irritable and nervous. Some pa- 
tients are able to sleep better after these radiations. The blue rays are 
supposed to have a soothing influence in contrast to the exciting effect 
set up by the red. 

An analgesic effect is often seen, especially in intestinal cases or in 
painful arthritis, myositis and neuritis. 

On the vasomotor sysiem there is generally a stimulating effect. The 
superficial vessels are dilated, with an erythema produced by both the 
red rays and the ultraviolets. Asa result there may be a temporary 
decongestion of the deep viscera. McCaskey has shown that with 
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marked overexposures to the mercury arc, symptoms of shock, with 
exhaustion, low blood pressure, chilliness and fatigue set in. 

Other work has shown that vitamines are not affected (Hess). Com- 
plement can be easily destroyed, but antibody and antigen are less easily 
affected. Variations in these changes occur, according to whether ex- 
posures are made to sunlight or the diffuse light of the laboratory or 
to ultraviolet rays. Hydrogen-ion concentration has shown no changes. 

The effects upon the skin are most important: 

Changes in the histology of the normal skin, after light exposures, have 
been variously studied; and the following phenomena have been found: 
A dilatation of the superficial and deep skin vessels; the epidermis loos- 
ened and vacuolated; exudate permeating the corium; marked division 
of the nuclei of the epithelial cells; a migration of leucocytes; and a dila- 
tation of the lymph spaces. In certain persons, the repetition of such 
sunburn produces a chronic condition of pigmentation and excessive 
keratinization which may lead to a cancerous formation called xeroderma 
pigmentosum. 

These changes were similarly studied in lupus; and there was demon- 
strated, in addition, vacuolar degeneration of the giant cells, which 
after repeated exposures finally caused their complete destruction, as 
well as degeneration of the epithelioid cells and round cells. The blood 
vessels are the first parts affected. There is a gradual swelling of the 
endothelial cells which finally occludes the vessels. The ultraviolet rays 
possess the chief destructive influence; and the epithelioid cells are es- 
pecially susceptible to their action. An immediate erythema occurs after 
exposure of the normal skin to red rays, but a latent period exists before 
the formation of erythema from ultraviolet radiation. 

Finsen placed the body of a tadpole in moistened filter paper and 
studied it microscopically when it was exposed to the sunlight. He was 
able to note a dilatation of the capillaries, slowing of the blood stream, a 
contraction of the red cells and a migration of leucocytes. 

Various theories have been offered in reference to the power to stimu- 
late the skin cells to send forth large numbers of antibodies. On this 
basis Moro’s inunctions of tuberculin are supposed to give better results 
in treatment than the subcutaneous injection method. Similarly, Pan- 
dorff gives his tuberculin intracutaneously, believing that he thus obtains 
better results. Wichmann cites a case of lupus, which developed in the 
skin of the neck of a patient with tuberculous laryngitis. In this case 
rapid healing of the larynx occurred; from which he reasons that there 
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was a rapid throwing out of antibodies from the skin where the lupus 
area developed. Of course, these are pure hypotheses and quite un- 
tenable. 

Light is able to render the skin immune to infections. This was dem- 
onstrated in a variola epidemic at Leysin, in which no patient, who devel- 
oped pigmentation under sunlight treatment, showed the skin eruption 
of variola, whereas all others in intimate association with the latter, but 
who were not pigmented, had severe eruptions. 

Previously unradiated skin will show three kinds of reaction when ex- 
posed to sunlight: 

1. Heat erythema appears after five or ten minutes as a spotted hyper- 
emia, and this pure heat reaction can be obtained through any other 
heat-producing agent. It disappears, according to the duration and in- 
tensity of sunlight action, after a half to one hour. 

2. The light erythema is hardly differentiable from a burn of the first 
degree, but it has a latent period lasting from three to six hours. The 
intensity depends upon the intensity and duration of the sunlight treat- 
ment. The erythema varies from the slightest pale pink to the fullest 
red. 

3. Pigmentation shows from the second to the third day, the erythema 
lasting, according to its intensity, from three to six days. The red 
shows a yellowish undertone and after a while the pigmented skin may 
be exposed to intense sunlight for even a whole day. 

The intensity of pigmentation obtained in high and low altitudes is 
alike. The fact that there is an absence of erythema in the skin that 
has been radiated several times proves that the skin possesses light-adapt- 
ing properties. If radiation is interrupted, this adjustment keeps up 
for varying periods. Pigment in the course of weeks and months will 
become paler and at times, although less often, the pigmented skin peels 
off. If the skin is reradiated, erythema reappears after larger doses than 
those used on the unradiated skin. 

The exposures that bring about erythema are considered by some as 
toxic doses of light, against which the organism protects itself by pig- 
mentation. Rollier is strongly of this opinion, and he always tries to 
avoid redness. 


THE NATURE OF PIGMENTATION 


The endogenous pigments are of several kinds, the principal ones being 
first, those which are usually called the melanins and which give the 
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color to the skin; secondly, those that directly or indirectly are derived 
from the blood hemoglobin, such as hematoidin and hemosiderin; and 
thirdly, those associated with the breaking down of tissue cells, and 
which are in a sense colored lipoids. Only those of the first group con- 
cern us. The origin and chemical nature of these are not fully under- 
stood. The opinions vary between (1) autogenous development from 
the epidermis; (2) derivation from coloring matter of the blood, by 
means of the melanoblasts which in turn give rise to melanin (the meso- 
derm gives origin to the melanoblasts); and (3) autolysis of albumin, 
forming tyrosin or similar substances, which when acted upon by oxi- 
dases develop melanin. The evidence seems to be against their origin 
from the blood constituents. The melanins are usually dark brown or 
black. They occur normally in greater abundance in races exposed to 
sun and wind. In response to exposure, they appear rapidly in the 
form of tan or freckles. They contain no iron but are rich in sulphur. 
Wieting and others have shown that melanin is formed in the epithelial 
cells, apparently from the nucleus. These cells (melanoblasts) hold the 
melanin for a while and at other times transfer it to the chromatophores, 
the wandering cells derived from connective tissue. 

Ehrmann was firmly of the opinion that an extracellular building up 
of pigment had not been shown, but that pigment formation belonged 
to the melanoblasts, the material for the pigment coming from the 
coloring matter of the blood. 

Meirowsky exposed scars to light and was able to pigment them. He 
therefore maintained that pigment was not related to the melanoblast 
because it did not exist in scars. He thought he proved that the mother 
substance of pigment was not hemoglobin but a nuclear material that 
colored red with pyronin. This was chemically like tyrosin. Ehrmann, 
on the other hand, could not pigment scars, and reasoned that this was 
due to an absence of melanoblasts. 

Many workers have found a great deal of tyrosin together with melanin 
in such conditions as melanosarcoma, and are of the opinion that the 
melanin developed in the primary elements of the tumor under the influ- 
ence of an enzyme which acted upon tyrosin and other decomposition 
products of proteins. They further believe that in Addison’s disease the 
products of albumin, to which tyrosin belongs, could not be acted upon 
by the secretion of the adrenal gland, so that these remained in the epi- 
dermis as propigments and were acted upon by the many oxidases to 
form pigments. 
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According to Solger, pigment is increased first, by outside irritants, 
such as the ultraviolet ray, pressure, rubbing, or any inflammation; or 
secondly, by a reflex through the nervous system in such conditions as 
pregnancy, and in intoxications as syphilis, cancer, Addison’s disease, 
bone disease, and tuberculosis. 

Schmidt believed that he could follow the change of hemoglobin into 
pigment in the frog. Carnot verified this in his observations on the 
intestine of aleech. Finsen and Quincke followed this opinion in view of 
the fact that chromatophore substances were often found in the neigh- 
borhood of the skin vessels. 

Bloch thinks that pigment occurs in the skin and hair through an enzy- 
matic action, which brings about a process of oxidation and condensa- 
tion. He considers the reaction specific and finds it only in layers of 
skin that have been excised from patients or animals who have the abil- 
ity to form pigment. He is unable to obtain it in albinos. He adds 
dioxyphenylalanin (a tyrosin product) to the cut sections of skin and 
obtains a dark, diffuse or granular substance. He finds this only in 
ectodermal tissue. 

These different theories of the development of pigment have not re- 
ceived common acceptance. The pigment that occurs under sunlight is 
a more permanent one than that developed under the ultraviolet rays. 
It is likewise of a redder hue. That which forms under the quartz 
light assumes a browner color. It is evident that the pigment which 
develops under light differs from that found in the negro, and of course 
we cannot conceive of any relationship between pigment and tuberculo- 
sis in this race. 

A fairly permanent dark pigment is obtained by a combination of 
ultraviolet radiations with sunlight exposures. 

There have been many theories offered as to the functions of pigment. 
The two most reasonable ones appear to be: 

1. The pigment is merely a protection developed against an irritation 
such as the ultraviolet ray, so that it allows us to withstand large doses 
of light. Because of this the side of the body generally turned toward 
the light is more pigmented than the less exposed sides. The part of 
the body that lacks the protection of hair and clothes is likewise pig- 
mented, and often the pigmentation is in proportion to the need. 

2. Pigment is a sign of good response to an irritation. This seems to 
go hand in hand with the belief that patients developing good pigment 
generally fare better than those who lack pigment. Gauvain felt that 
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the prognosis in early tuberculosis for patients who formed pigment with 
difficulty was not so favorable as for those who had advanced disease 
but showed good pigment. Pigmentation does often occur correspond- 
ingly with improvement and if it has a direct relationship with lymphocy- 
tosis, it may guide us with regard to the problem of resistance in tuber- 
culosis. 

Other theories that have been mentioned are the following: 

1. Pigment has the power to change short rays to longer and more 
penetrating ones. 

2. The pigment itself is absorbed by the blood stream and acts spe- 
cifically on distant foci. 

3. Pigment changes the absorbed rays to living energy. 

4, Pigment may act as a hindrance by preventing the necessary 
irritation which is desired. Rollier aims to develop strong pigmenta- 
tion and to avoid erythema. Rost believes erythema is essential and 
purposely allows periods of depigmentation during his courses of treat- 
ment. Reyn and Ernst aimed to avoid pigment in their working with 
the carbon arc. Breiger could never be convinced that pigment had 
anything to do with healing. Morschein, in Leysin, saw no results in 
patients with pigment while in others he got surprisingly good results. 


THE RESPONSE OF PROTOPLASM TO LIGHT 


Most of our efforts have proved of little avail in teaching us the exact 
manner of the action of light; and, until we know more definitely how it 
affects protoplasm and the body physiology, we must rely chiefly upon 
empiricism. ‘Then it may well be as Bovie says, ‘‘When we learn more 
concerning the relation between the organism and this imponderable 
part of its environment, radiations will find a place as therapeutic agents 
as secure as that now held by chemicals in rational scientific medicine.” 

Our cellular protoplasm has developed good adaptability to the heat 
and light of the solar spectrum but its mechanism is not understood. We 
realize that some components are more sensitive to light than others, 
especially when we consider the response in human vision. The absorp- 
tion power of protoplasm increases as the wave-lengths of the ultraviolets 
decrease; it decreases as the roentgen rays decrease. Grotthus’s law 
teaches us that only those rays are absorbed that are effective in produc- 
ing chemical change, so that the greatest absorption is seen with the 
ultraviolets. Electromagnetic rays have no effect upon objects that do 
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not vibrate in resonance with them. If the object vibrates resonantly 
and the light is completely absorbed in the surface layer, the ray is re- 
flected; if the object upon which the ray falls produces friction when they 
meet, and if at the same time it vibrates with resonance, the rays are 
absorbed, temperature may increase, and the absorbed energy brings 
about chemical changes (Bovie). | 


In order to set a photochemical reaction in train, a certain amount of light 
energy is absorbed. The later stages may mean the continuance of the 
reaction depending upon a combined supply of light energy and resulting in a 
storage of energy, or the reaction may be one which proceeds of itself with 
the evolution of energy, but is accelerated by means of a catalyst produced 
by light. The catalyst may disappear and require to be formed by the con- 
tinual action of light; or it may be more or less permanent and continue to 
act after the light is removed. Another class is that of coupled reactions in 
which the products of the light reaction are used up at once in another reac- 
tion with loss of energy. ; 

The reaction of certain small animal organisms to ultraviolet light obeys 
definite laws. A minimum duration is necessary; there is a limit of intensity 
below which no reaction occurs, and the effect is independent of temperature. 
These facts point to the occurrence of a photochemical reaction whose prod- 
ucts excite skin receptors. ‘ 

The direct action of ultraviolet light on microédrganisms and tissue cells 
is a destructive one. The shorter the wave-length, the more powerful the 
effect with equal energy of the radiation. (Bayliss.) 


It has been clearly shown that the cell membrane can have its permea- 
bility markedly changed by light. 

Bovie has attempted to study the action of the chemical rays on the 
unicellular paramecium, exposing it to ultraviolets of different wave- 
lengths, using first those at 160uu and later those around 200uy. The 
former are strongly absorbed by the protoplasm of the cell and do ‘not 
penetrate the nucleus, while the latter are strongly absorbed in the 
nucleus and but slightly absorbed by the protoplasm. With the former 
he was able to stimulate more rapid movements in the cell, following 
which it lost its powers of coérdination and swam in circles. He was 
able to change the rate of cell division, even though he used such small 
exposures that there was no change in the motion of the organism. Cell 
division was always delayed; but, if short exposures were used, the delay 
was transitory and it was followed by an acceleration, so that the radi- 
ated organism had more cell divisions than the controls... Rays that 
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are absorbed in the nucleus interfered with other metabolism and the 
animal finally died. Very short ultraviolets not present in sunlight have 
a higher absorption index in tissues than any of the solar rays, so that 
they can be absorbed by the pigment-forming cells of the skin, thereby 
destroying the latter. 

If we knew the kinds of rays that a given tissue will absorb and the 
method of absorption, we might properly select suitable sources of radi- 
ation. Some active parts of protoplasm in certain light-sensitive organ- 
isms may be so altered by the changes produced by light that their 
chemical action will not be proportionate to the exposure. The shape 
or the mass of the tissues radiated may have varying influences. Also, 
small doses of radiation have a stimulating action upon tissues, large 
doses produce deferred physiological changes, while with still larger 
doses the latent period is very much shortened and made entirely to 
disappear, so that there is immediate death of the exposed tissues. 

Various workers have attempted to explain the chemical action of light. 
Bovie ascribed it to the changes occurring in the unstable proteins of the 
cell. Neuberg, Bering and Meyer believed that an action upon the 
enzymes was responsible. Bering and Meyer studied the action of light 
upon ferments, and found that in the form through which it could pass 
through the skin of rabbits it had a favorable influence upon the 
peroxidases. They demonstrated that the action is more intense the 
nearer it approaches the short waves. The extreme ultraviolets, which 
were absorbed in the skin, have an absolutely inhibitory influence on these 
ferments. The blue-violets and inner ultraviolets, if applied in moderate 
doses, act favorably, but in larger doses are harmful. The red rays do 
not influence the peroxidases. The yellow, or even more, the green rays, 
with sufficient intensity, have a favorable influence. Hertel and Quincke 
ascribed the change to the splitting off of oxygen. Downs and Blunt 
believed it due to the oxidizing power of the rays. Schwarz consid- 
ered it the result of the liberation of lecithins. Hoffmann and Schulz 
ascribed it to cholin, a decomposition product of the lecithins. Any 
change, physical or chemical, due to light acting upon protoplasm may 
produce physiological disturbances, but the changes depend upon whether 
the rays are absorbed and whether the absorbing substances are sensitive 
to light. 

The relation of ultraviolet rays to lipoids is peculiar in that the rays 
sensitize them and prepare them for oxidation or fermentative decompo- 
sition. By facilitating the decomposition of the lipoids, an intracellular 
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oxidation occurs without any additional oxygen from the outside. 
Ferments may thus be only secondarily affected by way of the altered 
lipoids which themselves acquire photochemical powers. The effects 
may at times be such as to confer a new impulse to tissue growth, or, be- 
cause of the greater intensity, the tissues may be disintegrated and 
destroyed (MacCallum). 

The very earliest changes produced by the radiation may not be exten- 
sive but the subsequent manifestations may be marked. We donot know 
what types of protoplasm are more easily influenced by light rays than 
others. When rays destroy part of the protoplasm and there is no recov- 
ery, the cell is unable to functionate and subsequent metabolism is inter- 
fered with, depending upon the particular activities which the cell has to 
undergo. Certain kinds of cells, and especially those that are rapidly 
dividing or are immature, are more susceptible to the action of the rays 
than others. As a rule, a dose is preferred above that needed to destroy 
diseased tissue, and yet not great enough to destroy the normal func- 
tions; but no absolute law can be laid down. Bovie, in emphasizing the 
above points, offers us some idea of the uncertainties still existing. 

Wago has studied the effects of ultraviolet radiations on the cells of 
the cerebral cortex. It is generally believed that the action of the 
X-ray on the central nervous system is very slight; however, with the 
mercury quartz light the action is remarkably strong, resulting in swell- 
ing, atrophy, karyolysis and finally cellular death. 

There are many other theories in regard to the action of light (with little 
to substantiate them): 

1. Jesionek ascribes the good results obtained in disease of the deep 
viscera almost entirely to pigment. This he maintains can be carried 
by the blood like tuberculin and set up focal reactions. 

2. Rollier is of the opinion that, aside from various metabolic changes 
set up by light, pigment is essential for improvement and has the power 
to change the short rays to longer and more penetrating ones. He based 
his theory on the work of the physiologist, Jena, who was able to cover 
the exposed parts of thermoelectric elements with carbon and thereby 
made the intensity of the ultraviolets such as to affect a galvanometer. 
This he believed was a possibility only if the ultraviolets produced heat. 

3. Wichmann believed that the light stimulated the skin to send out 
great numbers of antibodies. 

4, Others have tried to prove that the ultraviolets have a deep pene- 
tration. 
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5. Light acts directly upon the blood vessels and nerves of the skin, 
setting up a vasomotor stimulation, with increased oxygenation, and 
has a direct effect upon the tissue ferments. 

6. Radiant energy, so called, the exact nature of which is not explained, 
is absorbed by the skin capillaries and carried to the depths. 

7. Heusner offered the theory that light breaks down the skin proteins, 
these in turn acting as antigens. 

8. Light does not influence the disease in any way but to help the 
patient psychically. 


ACTION OF LIGHT UPON BACTERIA 


According to our present knowledge, the bactericidal power of light 
rests chiefly with the blue, indigo, violet, ultrared and ultraviolet rays. 
The greatest power is possessed by the last-named. Finsen in his work 
upon lupus first aimed to destroy bacteria to cure the disease. It was 
demonstrated that many, but not all, of the bacilli were killed. Jansen 
showed that he could kill bacteria through skin at a depth of 1.5 mm., 
but that he was able only to diminish the virulence when they were at 
a depth of 4mm. Mme. and V. Henri and Baroni showed that the rays 
emitted from a mercury quartz light caused tubercle bacilli to lose their 
acidfastness in a very few minutes and that death ensued in ten minutes. 
Rochaix and Colin, on the other hand, showed that Much granules were 
much more resistant. Strauss showed that in summer two hours’ expo- 
sure on a clear day in the lowlands was sufficient to render cultures of 
tubercle bacilli sterile. Koch demonstrated that the tubercle bacillus 
was rapidly killed by direct sunlight but more slowly by diffuse daylight. 
Kattenbracher showed that in exposing cultures of tubercle bacilli to 
the rays from an iron arc for a period of five seconds up to sixty, there 
was a gradual diminution of the growth, whereas a similar growth ex- 
posed to ordinary light grew luxuriantly after forty-five seconds’ exposure. 

Siegert rayed lupus tissue and then inoculated the radiated tissue into 
guinea pigs, yet was able to infect the animals, showing that the bacilli 
were not all destroyed. 

Bazzoni found that the destructive effects of ultraviolet light depended 
somewhat on its association with longer radiations. Isolated ultravio- 
let rays, even between 220uu and 250uu, required several hours of 
exposure to kill bacteria very quickly. 
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The effect of light upon bacteria depends upon the quality and inten- 
sity of the light, its distance from the organisms, the period of raying, 
the temperature and amount of humidity, the moist or dry state of the 
bacteria, their number, the age of the culture, the species, the biological 
properties such as ferment and toxin production, and the power of move- 
ment of the organisms. Varying results have been mentioned by au- 
thors who exposed bacteria to sunlight. The time required for killing 
the organisms ranged from a few minutes up to two and one-half days. 
These differences depended upon the many ways in which the bacteria 
were exposed as well as the variations in altitude, time of the year, etc. 
Mitchell and Crough in 1900 were the first to compare the effects of sun- 
light upon bacteria in high altitudes and lowlands. Treskenskaja later 
compared the action of sunlight in the winter at Davos (height of 1560 
metres) with the summer’s sun at St. Petersburg (sea level) and found 
their action the same. She made the thinnest suspension of bacilli in 
peptone, and likewise with the thinnest layer of sputum rich in bacilli 
she found that at Davos bacilli are destroyed at the end of February in 
five hours, while in May and August it required only three hours. Fur- 
thermore, at sea level in the summer months, the bacilli were killed by 
sunlight in five hours; at a height of 900 metres in four hours; and at 1560 
metres in three hours. Comparing these results with those obtained 
with dry heat, she found that the bacilli in pure culture laid out in the 
thinnest layer were still virulent after eighty hours’ exposure to a dry 
heat of 65°-70°, although the virulence was somewhat diminished. In 
exposure to sunlight, she believed the heat played no definite part in her 
results. 

Von Bergen in a more recent report from Leysin disagrees with Tres- 
kenskaja. His conclusions are: 1. The bactericidal effect of sunlight at 
1360 metres, under the most favorable meteorological conditions, in the 
months from June to August, was manifested by death in one-half hour; 
in spring, and fall, one hour; in the winter, somewhat longer. On the 
coldest winter day, with least solar intensity, tubercle bacilli never 
withstood two hours’ exposure. 2. The ultraviolet rays of summer sun- 
light from 280uu up, including the rays up to 450uy, have only 20 per 
cent of the total bactericidal light effect. 3. The great variations in bac- 
tericidal power depend upon the geographical situation, weather condi- 
tions, etc., under which the experiment is held. 4. Maximal light and 
photometric effect go hand in hand with disinfecting power. The killing 
power is independent of the drying and heating effect of sunlight. 
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Momont and Neumark showed that bacteria in the dry state are more 
difficult to kill than when moist. 

Dieudonné and Buchner, after absorbing the warm rays, showed that 
the bactericidal effect of sunlight still existed. 

It is not exactly known how sunlight kills the bacilli, whether through 
oxidation, or coagulation or the splitting down of the albumin of living 
plasma. Itis possibly by a direct effect on the bacterium itself, although 
action on the surrounding medium may play a part. 

Thiele and Wolfe, working with the bacillus coli communis, found that 
the ultraviolets killed bacteria in the shortest time; the higher tempera- 
tures hastened the action; and the long rays influenced bacteria very 
little at room temperature but at higher temperatures they also were 
able to kill the organisms. 

Wiesner, working with the typhoid bacillus and bacillus prodigiosus, 
came to the following conclusions: 


The number of bacteria has no influence upon the death of the germs. 
The changing resistance can depend.upon the age of the bacteria, the greatest 
resistance being possessed by bacteria of 7-20 hours, with these remaining 
constant for a few days and then diminishing after that. Bacteria are less 
resistant in the dry state than in the moist. In the greater moisture of the 
atmosphere, bacteria die more slowly. An inability on the part of bacteria 
to obtain food during sunlight exposures causes them to die more quickly. 
The ultrareds and ultraviolets kill bacteria, one as strongly as the other. 
Higher outside temperature will increase light action; lower outside tempera- 
ture will decrease the killing action. By intermittent raying the effect is the 
same as the sum of the rayings; the action of light begins with the moment 
of raying and stops the moment the raying is stopped. The chemical powers 
of bacteria are not weakened through light. Different groups of bacteria 
possess a varying resistance against light. The killing power of light can 
depend upon the intensity. Bacteria that have been first exposed to low 
intensities of light die faster than those that have not been previously exposed, 
if they are again radiated. Bacteria in watery media have not the property 
to flee from light but more often they go to it, this phototaxis being a physical 
tendency. The killing of bacteria occurs more speedily in the presence of 
oxygen than ‘in its absence. The disinfecting work of sunlight is the result 
of direct harm to protoplasm. In free nature, sun disinfection may play an 
important part in preventing the epidemic and sporadic diseases. 


Finsen found that concentrated sunlight killed the bacillus prodigiosus 
and typhoid bacilli fifteen times more rapidly than ordinary sunlight, 


102 EDGAR MAYER 


and that the concentrated carbon arc was even more powerful. Bang 
showed that the carbon arc light of thirty amperes will kill a thin layer 
of tubercle bacilli at a distance of 30 cm. in six seconds. Henri found 
that while bacteria were killed in from fifteen to sixty-five seconds, there 
was no particular wave-length especially lethal, but that the effect in- 
creased more and more, the shorter the wave-length, testing as far as 
214up. Hertel found that protozoa were killed in about the same length 
of time as bacteria. Tecon found that the disinfecting power of sunlight 
upon bacilli in sputum that was placed in sterilized sand, gravel and dust 
(in his experiments at Leysin) was absent in exposures of two to fifty- 
two hours; but when the sputum was laid upon beaten snow and exposed 
to sun, it was regularly rendered sterile in less than twenty-nine hours. 
The ultraviolet reflection from the snow undoubtedly played a part. 

Downes and Blunt were the first to study this action of light as far 
back as 1877, but they did not realize the importance of the chemical 
end of the spectrum. They were later followed by Duclaux, Arloing, 
Roux and Tyndall, who showed that bacteria which were attenuated in 
virulence by light again regained their power when placed in darkness. 
Roux and Yersin later experimented with diphtheria cultures and came 
to similar conclusions. Diphtheria toxin loses its toxicity soon after 
exposure to the ultraviolet rdys (five minutes) whereas diphtheria anti- 
toxin is not affected in thirty minutes. Dieudonné also found that direct 
sunlight killed or attenuated bacteria. Afterward, Courmont and 
Nogier in 1909 studied the action of sunlight upon bacteria with much 
detailed labor. Cernovodeau and Henri found that in general bacteria 
varied in their sensitiveness to the ultraviolet rays, according to the 
variety. They also found that tetanus toxin was destroyed by ultra- 
violet radiations. Roux showed that, in the process of bacterial destruc- 
tion, not only light but also the presence of oxygen was necessary. He 
found that anthrax spores were completely destroyed by light and ‘air, 
but were not affected when air was excluded. 

Wesbrook, repeating the work of Kitasato and a few others, to study 
the effects of sunlight on tetanus cultures, also found that oxygen was 
essential for bacterial destruction. Tetanus cultures were completely 
killed by sun and air; but he found it possible to stop at a point where 
pathogenesis vahished while life still remained in the spores. These 
spores on reinoculation into fresh tubes had their virulence even increased ; 
but on inoculation into mice they were not found to produce any symp- 
toms. This might have been due to a temporary attenuation or to the 
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absence of the tetanus toxin or to the smallness of the dose,—the author 
was uncertain. Nogier showed that because of the peptones and albu- 
minoids present in a bouillon culture filtrate, the tetanus toxin products 
must be diluted before radiation, if one expects to penetrate deeply 
enough to affect the substance. 

Browning and Russ have demonstrated the marked difference in effect 
upon bacteria between the ultraviolets around 300up and those at about 
290uu: there is a sudden sharp exhibition of bactericidal power by the 
latter. This also holds true for the effect upon proteins and probably 
accounts in most part for the added benefits obtained from the use of 
mercury quartz lights. 


ARTIFICIAL SOURCES OF LIGHT 


In a consideration of artificial light therapy, it is worth our while to 
take up in detail one of the first lamps utilized, namely the Finsen lamp 
(figure 6). This was a carbon arc of very high candle power with a 
special use of quartz lenses that were water-cooled to eliminate the heat. 
Lenses were employed, both to intensify the rays and to apply pressure 
directly upon the skin, so as to eliminate the blood that Finsen had found 
to be a barrier against penetration of the ultraviolet rays. Before Fin- 
sen, Widmark of Stockholm had shown that the skin inflammation, 
formerly thought to be due to the heat rays, was actually caused by the 
chemical rays, namely, the blue, violet, and ultraviolet rays. Finsen 
corroborated this opinion by allowing sunlight concentrated by lenses of 
rock crystal to fall upon the arm. He avoided burning by eliminating 
the ultrared rays, passing them through a layer of distilled water in- 
cluded between the rock crystal lenses and also partly by pouring cold 
water on his arm. Glass absorbs most of the ultraviolet rays, especially 
those of shorter wave-lengths; rock crystal allows them to pass through. 
The various parts of the spectrum were individually passed through rock 
crystal alone, or through rock crystal and a plate of blue or green or 
orange or red glass; and, although concentrated light was used, the red, 
yellow and green rays never brought on any inflammation. All blue and 
violet rays, however, did have this effect, which was found to be greatly 
increased by the addition of the ultraviolet rays. Finsen then treated 
cases of smallpox by eliminating the chemical end of the spectrum, be- 
lieving that if the chemical rays could bring on inflammation in the 
healthy skin, it might increase an already existing inflammation. By 


104 EDGAR MAYER 


this treatment he was able to prevent the formation of pustules in this 
disease.- Svendsen definitely proved that light would change a vesicle 
into a pustule. He allowed his patients to enter daylight after the ves- 
icles of the face were fully dried but those on the back of the hands were 
still moist. When the patients entered the light, the moist vesicles sup- 
purated and left scars while no scars were left elsewhere. Bie, working 
with Finsen, was also able to show that the bactericidal power of the 
light resided almost exclusively in the blue and ultraviolet rays. 


Fic. 6. A FINSEN CARBON Arc LIGHT, TREATING Four PATIENTS AT ONCE 


The pressure lenses and watercooling devices can be seen. Lupus of the face is being 
radiated. 


Accordingly, Finsen aimed to obtain light that was strongest in the 
blue and violets and ultraviolets, and had a minimum of heat rays, to 
avoid burning; he further desired to render the treated part bloodless, 
and tried to get the greatest concentration of the necessary rays. With 
sunlight, because of the large lens required, he was unable to use quartz, 
so that he had to resort to ordinary glass which partially allows ultra- 
violets to pass through from 380yuu to 300un. The shorter ultraviolets 
are absorbed by both the atmosphere and glass. The /ens (figure 7) used 
for sunlight consisted of a flat and a convex glass enclosed in a brass ring 
between which there was an ammoniacal solution of copper sulphate. 
This lens was preferable to a solid glass lens, because one surface of 
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the fluid was arched and the other flat, so that it served as a planoconvex 
lens and not only concentrated but also cooled the light. Water absorbs 
the strongest heat rays (ultrareds), and by the addition of a blue coloring 
matter, part of the red, yellow and green rays are intercepted, which 
also possess considerable heat. The light is made just blue enough so 
that it cannot burn the patient. 

With the carbon arc light, rock crystal lenses were used, enclosed in 
two brass tubes arranged like those of a telescope. The light becomes 
parallel within the brass tubes and at the lower end it encounters two 
lenses which bring the rays to a focus about 10 cm. from them. In the 


Fic. 7. FrvsEN Grass LENSES FOR APPLYING CONCENTRATED SUNLIGHT TO LUPUS 


The watercooling attachments can be seen 


part of the apparatus between the last two lenses, there is distilled water 
which cools the light by cutting off the ultrared rays without absorbing 
any of the blue, violets and ultraviolets. There is a cap which encircles 
the lowest part of the apparatus through which cold water is made to flow 
so as to avoid too much heating of the distilled water. The distilled 
water is not colored blue because this would intercept part of the ultra- 
violet rays. 

Around each electric light there are hung four concentrating appara- 
tuses on an iron ring which is held by iron supports made fast to the ceil- 
ing. The light although cooled is yet too hot to be directed upon the 
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skin, so that Finsen devised a small apparatus consisting of a conical 
brass ring closed on both sides with rock crystal plates, one plane and the 
other planoconvex. The: brass ring has an inlet and outlet tube filled 
with running cooled water, as well as four small metal arms, to which 
are attached rubber bands, so that the ring can be pressed against the 
skin to be treated. Besides cooling the surface, this apparatus expels 
the blood from the skin. Immediately: after the treatment the skin is 
red and swollen, the inflammation often becoming so severe that a vesicle 
is formed but no necrosis results; finally scabbing occurs. Edema is oc- 
casionally seen. Lupus areas were exposed for about an hour every 
week for three to four months, depending upon the reaction. Pig- 
mented areas or nodular granulations hindered healing. 

I have entered into a description of Finsen’s work with rather minute 
detail because it is upon his discoveries that most of the subsequent 
treatment with light was based. His results with lupus, the disease to 
which he mostly confined his efforts, were surprising. However, his 
apparatus proved too expensive and complicated. 

The mercury quartz lamp (figure 8) consists of a quartz container sup- 
porting mercury vapor in a vacuum, through which an electric current 
is passed. An intense light is produced which is rich in violets and ultra- 
violets, with a preponderance of the very short ultraviolets. This lamp 
is an easy one to handle and the burners, if used carefully, have a rather 
long existence (2000 to 3000 hours). An objection to it is the expense 
of the apparatus. The life of the quartz container varies with the amount 
of usage. Deposits gradually occur in the quartz, finally rendering it 
impermeable for the rays. Bordier measured the strength of the quartz 
light with a blotting paper soaked in potassium ferrocyanide. The 
unit that he employed was the amount of ultraviolet ray that would 
affect a standard amount of silver nitrate in a given time. By deter- 
mining the various changes that will occur in the radiated skin with the 
changes that have occurred in silver nitrate solutions so as to give him 
his standard units, one is able to judge the age of the burner. Schall 
tests ultraviolet radiation by using paper soaked in a solution of one gram 
of p-phenylene-diamine in 5 cc. of diluted nitric acid and dried rapidly 
in a Bunsen flame. The paper turns blue as a result of ultraviolet 
exposure. According to Shepard, in 1912, the Heraeus mercury quartz 
lamp offered the most intense source of ultraviolet radiation available. 
The photographs show several of the quartz mercury lamps sold in 
America; they vary slightly in construction. The air-cooled lamps are 
for general radiation. 
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Fic. 8. THE ALPINE LAMP 


An aircooled mercury quartz light, with aluminum reflector. Used for general appli- 
cations. 


; 
| 
: 
& wif j 
| 
{ 
A 


EDGAR MAYER 


Fic. 9. THe KroMAYER LAMP 
Used for local 


An intensified watercooled mercury quartz light, with pressure lenses, 
applications. 
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The Kromayer lamp (figure 9) is a water-cooled mercury quartz lamp 
used chiefly for local applications, and having special pressure lenses and 
other adaptors. It has an increased intensity of ultraviolet rays. The 
Burdick water-cooled lamp is similar to this (figure 10). The Burdick 
mercury quartz light requires a rectifier for alternating currents (fig- 
ure 11). The Kromayer spectrum ends at 185,yy. 


Fic. 10. THE BurpiIcK WATERCOOLED MERCURY QUARTZ LIGHT, SIMILAR TO THE KROMAYER 


Jesionek at Giessen has a large institute where his patients are able to 
stand or walk about or lie down during their exposures tothe lamps. The 
rooms are specially equipped, so that the walls, ceilings and floors reflect 
the rays. The lamps shine upon the patients from the front and back 
and sides. The reflecting metal of the Jesionek lamp (figures 12 and 
13) is an alloy of magnesium and aluminum, called magnalium. Four 
to six patients can take the treatment at one time. This lamp has also 
a mercury quartz burner. 
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The uviol film lamp consists of a mercury quartz burner surrounded by 
uviol glass to eliminate the irritating action of the short ultraviolet rays. 

Other workers highly recommend the open carbon arc lamp (figure 14), 
marketed abroad as the aureol lamp. Schanz in particular praises 
this. He believes that the absence of the red rays and the abundant 
short ultraviolets of the mercury quartz light are hindrances. The ad- 
ditional red rays of the carbon arc, as shown by the spectrum in figure 3, 
are considered by some an added advantage in that the spectrum most 


Fic. 11. THE Burpick Mercury Quartz LicHT WITH RECTIFIER FOR ALTERNATING 
CURRENTS, SIMILAR TO THE ALPINE LAMP 


resembles sunlight, but it is yet an open question as to whether the red 
ray is or is not necessary. The red end does produce an increased dila- 
tation of the vessels and Schanz believes these rays necessary to sensitize 
tissues for a better absorption of the ultraviolets. 

The open carbon arc is much cheaper than the quartz lamp and is 
easily obtained in this country. Its electrodes are of carbon which 
soon burn out but then are simply replaced. The lamp flickers and 
throws out sparks and the carbons must be adjusted very often; but these 
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Fic. 12, PATiENTs ExposING THEMSELVES TO THE JESIONEK Lamps IN Rooms EsPECIALLY 
EQUIPPED FOR REFLECTION 


Fic. 13. A JestoneEK Lamp (MERCURY QuARTz TyPE) SHOWING THE SPECIAL REFLECTOR 
Mave or MAGNALIUM 
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annoyances are not great. It has additional heat which is absent from 
the quartz lamp. Intensified light is obtained by using strong parabolic 


reflectors. 


Fic. 14. AN OpeEN CarBon Arc LAmp, wiTH REFLECTOR AND RHEOSTAT 


There are various types of this lamp on the market 


Various other metal arcs have been used, especially in England. 
Among these are the Simpson light, with electrodes of the metal wolfram; 
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iron arcs that seem to give good ultraviolet radiation; and tungsten arcs, 
that have very high melting point, and are therefore especially recom- 
mended for ultraviolet radiation by Turrell. A large number of ultra- 
violet rays is given off by intensely heated iron, silver and copper. The 
iron arc has a greater intensity of ultraviolet rays than the quartz mer- 
cury light but it does not go as low in the spectrum. Other metal elec- 
trodes that have been used are zinc, nickel, cobalt, cadmium and mag- 
nesium. Some of them, especially cadmium, produce more uniform 
distribution throughout the entire range. Glass, mica, gelatin and even 


Fic. 15. Turzac-PosMEUR APPARATUS, CONSISTING OF AN INTENSIFYING BICONVEX LENS 
MovuntepD InsipE A CANVAS CYLINDER, AND SUPPORTED UPON A WOODEN TRIPOD 


celluloid in very thin sheets are quite opaque to the ultraviolet rays, 
while quartz, fluorite and selenite are almost equally transparent to the 
visible and invisible rays. Christen employs a metal threaded lamp of 
the highest possible glowing temperature. It is surrounded by a glass 
that allows the ultraviolets to 290uu to penetrate and this furnishes a 
spectrum that resembles that of sunlight. Roznowski used the Siemens 
aureol lamp, which is covered with glass, eliminating the short ultra- 
violet rays. It also has a spectrum like that of sunlight. An objection 
is that the glass breaks too easily. 
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‘Schunck, Turrell and Russ, in England, give us much information on 
the relative intensities and therapeutic effects of the different parts of the 
spectra of the metal arcs. Schunck and Turrell favor the tungsten arc, 
when considered from the standpoint of ultraviolet content and resulting 
cutaneous erythema which can be thereby produced. Figure 16 affords 
good comparisons between the tungsten arc, iron arc, carbon arc and a 
Cooper Hewitt silicon mercury vapor lamp. The last differs somewhat 
from the spectrum of the Alpine mercury quartz lamp. The carbon arc, 
as shown here, is very poor in ultraviolets, but when special carbons are 
used, made up of impregnations or special cores, a good ultraviolet inten- 
sity can be had. Schunck has impregnated carbon with sodium tung- 
state and uranium nitrate, or put in special cores of tungsten powder or 
iron oxide or molybdium powder. 


(1) Tungsten are, (2) Iron are, (3).Carbon arc, (4) Mereury vapour are. (1), (2), (3), Exposures 10 sec. and.8zamps., 
(4) 60 sec. and 4 amps. ‘ 


Fic. 16. RESPECTIVE SPECTRA (BY SCHUNK) OF THE TUNGSTEN ARC, IRoN Arc, CARBON 
Arc AND Mercury VApPoR ARC 


Note the quantity and intensity of ultraviolet rays in (1) and (2), to below 235up. The 
carbon arc shows a maximum in a group of lines at 250uy, due to silicon. The mercury 
vapor is a Cooper Hewitt lamp of silicon glass, with a 110 volt lamp. The makers say that 
a 200 volt lamp should be used to get the maximum ultraviolet radiations from this source. 


From various observations, Schunck found: (1) The iron arc reaches 
as low as 225yu and shows a good intensity of ultraviolets but is not as 
uniform throughout as the tungsten arc. (2) The tungsten arc reaches 
lower (to 213uu) and gives the greatest ultraviolet intensity. (3) Molyb- 
dium reaches to 220uu, but has a lower intensity than iron and tung- 
sten. (4) Wolfram (in the Simpson light) which consists chiefly of 
tungsten reaches to 213uy and has almost the quantity of ultraviolets 
that tungstén has, but a marked objection is its unsteadiness. (5) The 
carbon arc is of low ultraviolet intensity, unless special carbons are 
employed. It requires higher amperage and longer duration. Its con- 
tent of rays of the visible spectrum is of course high. (6) Uranium loses 
intensity at 260uu, but the lines are closer than tungsten and the 
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spectrum more intense. (7) The Kromayer lamp reaches lower—to 
1849 A. U., and has the greatest intensity around this low limit, just 
inside the Schumann region. 

From his experimental work with the metal arcs, Schunck concluded 
that no therapeutic effect, as judged by the erythema produced, oc- 
curred from radiations of 2750 A. U. and upwards; that the greatest 
effect was produced by radiations between 2500 and 2350 A. U., with an 
increase in effectiveness from 2500 A. U. downwards. However, it 
seems impossible for one to judge only from the erythema produced and 
Russ has rightly questioned whether the rays between 2880 and 2960 
A. U. were not equally effective as the lower ones from 2350 to 2500 A. U. 
Russ and Browning found a powerful germicidal action between 2960 
and 2100 A. U., with a region of maximum effectiveness between 2800 
and 2540 A. U. These rays were completely absorbed in 0.1 mm. of 
skin. Schumann found that the rays between 3000 and 2100 A. U. 
were easily absorbed by the human skin. 

Some lamps furnishing only the red rays are also sold, one marketed as 
a neon light. An occasional worker like Gerhartz has given the red 
light treatment exclusively and believed that excellent results were ob- 
tained in treating tuberculous disease. Gerhartz treated advanced pul- 
monary and intestinal tuberculosis, following up his work also upon guinea 
pigs, but his results were rather indifferent, and surely far from remark- 
able. Nagelschmidt has made monochromatic lights, one liberating 
rays extending from the yellow far into the ultrareds, with a maximum 
of energy in the latter: another consists only of the red and yellow rays. 
The latter, called a neon lamp, emits a cold bright red light; the former, 
a hot reddish-yellow light. With the neon lamp he obtains excellent 
results with infected wounds and other superficial inflammations. 

Artault de Vevey has written rather exhaustively of his treatments with 
what he terms the heliophore. This is a biconvex lens (of two sizes) 
mounted on a stand, and used to intensify the solar rays, concentrating 
them on small areas of the body. Its principle is somewhat similar to that 
of the lens of the Thezac-Posmeur apparatus, (which was introduced into 
America by Mrs. Post). However, the lens is smaller than the latter and 
is not so easily applied. The results obtained are due chiefly to the red 
end of the spectrum, although many of the violets and longer ultravio- 
lets must also act. However, Artault is of the opinion that the red 
rays are most important. He has treated every type of tuberculosis but 
his enthusiastic claims must still be substantiated. 
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- Lovett recently reported on the use of the Thezac-Posmeur apparatus, 
using it in cases of chronic suppuration, and found that the discharges 
were lessened, granulations assumed a healthier color, pain diminished, 
and an immediate lowering of the bacterial count was noted in the dis- 
charge. Hyde and Lo Grasso have also used it for a brief period and 
have thus far been favorably impressed. 

In order to supply the lacking red rays, various workers employ addi- 
tional lights together with the quartz lamp. Bacmeister supplies this 
heat with the sollux lamp, while Bach uses the mercury arc with addi- 
tional glow lights. Hagemann adds a ring of incandescent electric 
lamps; this may also be supplied by some manufacturers. ‘These lamps, 
on account of the warmth produced, often give the patients a sense of 
comfort, and by using only a certain number or those of varying candle 
power, any desired degree of heat can be produced. 

Breiger has reviewed 124 publications appearing during the war. 
He found that 26 observers used natural sunlight, 54 the mercury quartz 
lamp, 8 the carbon arc light, 3 the red light, 7 the combined sunlight and 
mercury quartz light, 10 the combined mercury quartz light and carbon 
arc light, 2 the mercury quartz light combined with the X-ray, and 1 the 


glow light alone. This gives us some idea of the lamps in common use 
abroad. 


HIGH ALTITUDES AND LOWLANDS 


It is not our purpose to enter into the subject of climatology except in 
so far as it has to do with sunlight. Bernhard and Rollier mention the 
advantages of high altitudes as the following: An absence of moisture 
and other deposits in the atmosphere, little clouding, small amount of 
rainfall, dry snowy winters, summers not too hot, an absence of wind due 
to protection by peaks, air almost bacteria-free and dust-free throughout 
the winter and strong radioactive emanations which are even increased 
by the reflection of snow, and a resulting production in man of an in- 
creased number of red cells and hemoglobin and better circulatory pow- 
ers with improved metabolism. Our interest in the increase of red cells 
is further stimulated by recent work performed upon aviators, which 
seems to verify these findings. Our former belief that the increase was 
due to a response on the part of the body to deficient oxygenation may 
have to be enlarged upon if one can prove a similar response to ultravio- 
let radiation. 
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After penetrating the atmosphere the intensity of sunlight (according 
to Langley) that remains in the lowlands is as follows: 


per cent 


eee 


Von Violle says that at Mont Blanc the intensity of sunlight loses 
only 6 per cent in contrast to 20 per cent at sea level.. The strength and 
duration of sunshine depends upon the clearness of the air, smaller losses 
occurring at higher altitudes. Dorno found that in the mountains the 
summer possessed the greatest warmth and the greatest ultraviolet in- 
tensity: following this, in order, the fall, spring, and least of all the win- 
ter. Bernhard says that next to the summer we have the greatest ultra- 
violet intensity in the spring, a fact that he believes is accounted for by 
the increased reflection brought about by the persisting snow. 

The glacier burns occurring in Switzerland are seen much less often 
in winter than in summer. Schanz believed this was due to the short 
ultraviolets which may be present in the summer sunshine of a high 
altitude, but which are absent in winter. Bernhard is of the opinion 

. that these burns are rarely seen in winter because none but the experi- 

enced skiers go about at that time, and they have already become accus- 

tomed to burns. Rosselet maintains that high altitudes have six times 

the ultraviolets of lowlands in winter, and twice as much in summer. 

Jiingling declares that there is no qualitative difference between low and 

high altitude sun. During the winter months the sun’s spectrum differs 

from that during the summer months. He mentions that the shortest 

rays at noon in January are 307uy and in July 295yyz, showing that the 

extreme ultraviolets may not be necessary for therapeutic purposes. 

Freer does not find any variation in extent but only in intensity. The 

essential differences between low and high altitude sun consist to the ’ 

smallest extent in the variations of the ultraviolet rays. ‘Their intensity 

at low altitude drops considerably only in winter below that of high 

altitudes. In low altitudes the intensity in summer is greater than in 

winter. 

Dorno carried out extensive investigations in Davos at an altitude of 

1600 metres, studying the relative intensities of various regions of the 

spectrum at different times of the day, month and year. The intensity 

of the warm rays he found considerable throughout the year. A daily 
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increase of about 25 per cent occurred up to noon. The greatest inten- 
sity was seen in March and April and the least in winter, but the maxi- 
mum difference was only one-tenth of the total amount. Davos had 50 
per cent more warmth than Potsdam but this was so divided over the 
entire year that extreme heat at high altitudes at any one time was not 
to be feared. The absolute maximum of Davos over Potsdam is only 
10 per cent. 

For the light rays (from the sun) there was an 80 per cent increase up 
tonoon. Winter, spring and autumn have more than summer. 

The blue-violet rays also increased 80 per cent up to noon, but in sum- 
mer more than in winter. The greatest number exists in August and 
May, but a marked depression occurs in June and July. 

The ultraviolet rays increased 450 per cent up to noon. The summer 
months (July, August and September) were the only ones that showed a 
large amount in the mornings and evenings. Dorno claims that in 
winter, even at noon, they possess very little intensity. Schanz disputes 
this point, considering Dorno’s results inaccurate because he worked 
on the basis that there was a sharp differentiation between the visible 
and invisible spectrum. From these results, Dorno made the statements 
mentioned before, namely, that the ultraviolet rays are about twenty 
times as great in summer as in winter (at Davos) and that one summer 
day brought as many ultraviolets as a whole winter month. In contrast 
to the intensity of the warm rays, he found a decrease of ultraviolet 
intensity when the moisture of the air increased. The greatest ultra- 
violet intensity occurred on days that approached cloud formation or when 
the sky was lightly covered rather than perfectly clear. Intensity of 
light however will naturally diminish with the density of the clouds. 
This is in contradistinction to days on which the sun is but partly ob- 
scured by haze. 

As to total light (which was considered as including sunlight and the 
“light from the sky”) an increase occurred up to noon, in summer more 
than in winter; a maximum in July and May. The light reflex from the 
snowy mountains has considerable influence for six months of the year. 
With a blue sky, the sun averages 883 per cent of the total light, whereas 
the diffuse light of the sky offers about 11} per cent. 

Clouds only slightly diminish the normal amount of light. The total 
daylight is increased by reflection. Dorno believes that in extreme cases 
the diffuse light can be increased through the reflex from the clouds as 
much as five times. Greater transparency of the atmosphere is seen at 
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high altitudes. The clearer and more transparent the atmosphere, the 
more directly the sun works and the less the diffuse light works. In the 
lowlands, the diffuse light is greater and the difference therefore between 
the sun and the shadows is not nearly so marked. 

As to the limits of the solar spectrum, Dorno’s findings (previously 
considered) were not in accord with those of other writers. Those taken 
in Manila by Freer and those taken by Miethe and Lehmann in Assuan, 
Berlin, Zermett and Mount Rosa were practically identical, namely 
291.5uu to 291.2up. They showed that altitude and lowland exhibited 
little difference in extent, although the intensity factor did vary greatly. 
Dorno noted 307.5uy in January and 295yy in July. 

Duclaux found that the chemical effects of the solar light diminished 
in the summer months as one proceeded from a northern climate toward 
the equator (Algeria). However, the results obtained by Freer in Manila 
were contradictory to this, showing rather a marked increase. 

As to the number of hours of sunshine, one is surprised to note the low 
figures for a place like Manila when compared with those of regions in 
northern climates. ‘‘Manila has 51 per cent of the theoretical sunshine 
as against 69 per cent for Denver and 76 per cent for Santa Fe. Even 
Chicago and New York present figures higher than Manila, namely 57 
per cent for Chicago and 56 per cent for New York.” Therefore, in con- 
sidering the effects of the tropics, one must not lose sight of other factors 
besides sunlight. From experimental work carried out by Freer, he 
could not conclude that tropical sunlight contained a greater proportion 
of the shorter ultraviolets than the sunlight of northern climates; how- 
ever, it did manifest a greater intensity of the longer ultraviolets. 

When we realize the good results obtained by treating patients with 
surgical disease in the lowlands (results comparing favorably with those 
of Rollier have been frequently published, e.g., by Hyde and Lo Grasso 
in Perrysburg, New York, Bandelier and Répke in Vienna and Cologne, 
Strauss in Eastern Europe, Vulpius in Middle Europe,.etc.) and when we 
realize that the exposures there are carried on throughout the winter 
months, we must assume that the question of the intensity of the ultraviolet 
rays is not the deciding one. There seems no doubt that the ultraviolets 
in winter in the lowlands are much lessintense than those ata high altitude; 
however, it is more likely that other factors of as great importance de- 
serve their due credit. Finally, it is true that the shorter ultraviolets 
are not essential, although we cannot assert that their presence would 


not possibly aid. 
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THE AIR BATH 


It is necessary to differentiate between the sun bath and what is ordi- 
narily termed the air bath. The former requires a systematic exposure 
in the sun whereas the latter can be carried out in diffuse daylight, gen- 
erally with a patient moving about, and carrying on slight muscular 
movements. The air bath, of course, may be taken while the sun is 
shining, but not necessarily so. The patient may strip or wear very light 
clothing, often just bathing trunks. The treatments last five to twenty 
minutes, according to conditions. In order to be able to carry on the 
muscular movements he must usually be in good condition. 

Various workers use different indications, some requiring the patients 
to be afebrile and others considering this unnecessary. Liebe, more than 
anyone else, popularized this treatment abroad. The patient is gradu- 
ated to the outdoor treatment and is eventually outside in all weathers 
except on rainy days, at which time he may take treatment in his room 
with the windows open. At the end of the treatments patients usually 
take cold baths and dry rubs. The general principle is one of vasomotor 
stimulation, and the various studies that have been made in regard to 
changes in the blood cells and body physiology show little difference from 
those made upon patients taking sunlight treatment. 

The air bath is carried out continually as part of the hygienic cure in 
many of the institutions in Germany. Separate divisions of ground are 
graded and walled off for this treatment. Patients are carefully chosen 
and strict medical supervision is exercised. Overheating and fatigue 
are avoided. If the patient becomes chilled he must abruptly interrupt 
the treatment; if cool, he is given a brisk rub. All gymnastics, which 
are carefully advised, are stopped if the patient develops any pains 
(pleuritic) or dizziness. Friedlander advises this treatment for anemia, 
chlorosis, scrofula, neurasthenia and early pulmonary disease. Schréder 
limits these baths to quiescent pulmonary cases, of good nutrition, with 
no labile temperature, no fever and no cardiac disorder. Patients with 
pleurisy or tendency to hemoptyses or catarrh of the upper air passages 
are also excluded. Disease of the blood vessels or nervous system or 
kidneys contraindicate, when they accompany pulmonary disease, as well 
as marked weakness and nutritional disturbances. Contrary to Bande- 
lier and Répke, Schréder considers markedly anemic patients unsuited for 
this treatment. He found that the cutaneous vessels were first con- 
tracted and later dilated, that at first there was an increase of leucocytes 
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and decrease of erythrocytes, followed soon by the very reverse. The 
blood pressure was increased, while pulse and respiration were slowed. 
Oxygen intake and carbon dioxide output were increased. Metabolism 
and the strength of the heart were increased. 

Lenkei considered cool air baths essential, but felt that those carried 
out at a temperature of freezing in frost and snow were unnecessary. 
Many writers disagreed with Lenkei. Other studies have shown a rise 
of the skin temperature, whereas the rectal temperature drops in the 
first three-quarters of an hour and then rises. Winternitz found a rise 
in axillary temperature. Van Oordt found an increase of rectal tem- 
perature. Hemoglobin is increased; the viscosity of the blood first in- 
creases, then decreases; diuresis generally occurs. It is an important 
point for us to decide whether or not the good results claimed for sunlight 
treatment are not generally due to the possible effects supplied by the 
accompanying air bath rather than to any specific action from the sun’s 
rays. This requires carefully controlled experiments. 


METHODS OF EMPLOYING LIGHT EXPOSURES 


1. Sunlight. In applying sunlight treatment, patients are gradually 
exposed outdoors as with the air baths, special care being taken to avoid 
any chilling or unnecessary exposures to winds. At the start, therefore, 
proper screening and protection from wind are essential. Rollier’s 
method is a system of graduated exposures, beginning with a few min- 
utes to the ankles and then daily adding another part of the body with 
a short exposure; but increasing the period of exposure of the part rayed 
on the previous day, so that eventually the whole body is exposed front 
and back for almost the entire day, especially in patients who develop a 
good pigmentation. The duration of the exposures varies with different 
workers. Malgat radiates for only twenty minutes; Bernhard three to 
four hours; Rollier two hours to almost all day; Szaboky one hour twice 
daily. The patient changes his position from time to time, and after 
the exposures, patients take cold sponge baths or shower baths and a 
brisk rubbing. 

Malgat differentiates between a cold and warm sun bath, depending 
upon whether the thermometer registers an outside temperature below 
or above that of the body temperature. The cold bath constricts the 
blood vessels, lowers body temperature and raises blood pressure; the 
warm bath does the contrary. The periods of exposure vary according 
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to the temperature. Patients are first radiated through closed windows; 
then outside in the open, first the back and after that the front of the 
chest, with additional reflected light on localized areas. 

Practically the same method as that of Rollier is carried out at Perrys- 
burg, New York. Pottenger, as well as Kime, in addition to general 
exposures, directs additional concentrated light upon the chest by means 
of a blue concave mirror. Flinn, in Arizona, avoids the chest in fever 
cases. Rollier, in his exposures for surgical cases, finds that he can avoid 
the use of braces but traction is applied in disease of the extremities. 
Open lesions are kept ventilated by the use of perforated dressings, so as 
to remain permanently exposed to the air. The head is preferably 
covered or kept out of the sun. In tuberculosis of the spine, postural 
treatment helps greatly to overcome curvatures (orthopedic surgical 
technique is otherwise adhered to). 

2. Artificial light. In radiating with the lamp, various workers have 
refinements of application but theyseem unnecessary. An easily applied 
method is to begin with an exposure of two minutes front and back, the 
quartz burner placed directly over the abdomen and lumbar region at a 
distance of three feet; and a safe rule to follow is to give daily radiations, 
increasing the period of exposure one minute every day, front and back. 
Many patients can then safely reach an exposure of one hour front and 
back. The necessity for stopping the exposures for a day or two can 
be determined by the response to the rays. Ifa severe burn occurs, one 
is compelled to advise longer intervals, which may especially be the case 
with blondes or red-haired patients. Brunettes often safely withstand 
exposures of two minutes’ increase daily. The patient is most likely 
to obtain the greatest irritation during the earlier exposures. The lamp 
need not be brought nearer to the patient until an exposure of an hour’s 
duration is reached, and then one can gradually diminish the distance to 
only eighteen inches between the patient and the quartz burner. ‘An 
hour’s radiation front and back may prove too long for some patients 
and if so one should stop much sooner. The period of exposure from 
which one obtains the greatest benefit has not yet been accurately worked out. 
There may be a point beyond which radiation can prevent good ef- 
fects or even cause harm, especially because the short ultraviolets may 
destroy pigment in the process of being absorbed. Inasmuch as we are 
not certain of the exact depth of penetration of all the rays emitted here, 
it is safest not to place the burner directly over the thorax, especially in 
view of the uncertainty of the question of hemoptysis. 
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Other workers divide the body into halves, exposing the upper and 
then the lower half, front and back. This has an advantage in that it 
will probably cover more of the body surface, but then this requires 
rather direct exposures to the chest when treating the upper half. It 
is not necessary to follow out Rollier’s method with the lamp. 

The eyes should be carefully protected by glasses not made of quartz, 
as otherwise a severe conjunctivitis will be set up. It is sometimes 
advisable to cover the scalp because of a dryness and itching that may 
occur. Occasionally, itching of the skin or the formation of small blebs 
may cause one to discontinue the lamp for a few days. It is necessary 
to have the whole body as uniformly distant from the lamp as possible. 
The patients are able to carry out the radiations at home, if they can 
afford to hire the lamps for three month periods, as they are now rented. 

Other workers will probably have individual methods which may be 
better than the one outlined. Some use two lamps front and back, 
having the patient stand or sit instead of lying down. Some men have 
exposed the chest directly to the quartz light, and claimed that there 
was no danger. If there is a superficial lesion in addition to the consti- 
tutional disease, extra radiations are given to the former. The dosage 
there applied is one that should aim at a good irritation,—enough to 
stimulate granulations rather than to destroy tissue. The duration of: 
these exposures can only be determined by the type of lesion seen from 
day today. Ifthe Kromayer lamp with pressure lenses can be had, then 
one attempts direct pressure exposures to the superficial disease. At 
times the quartz light can be conveniently used in combination with 
sunlight radiation, a method that some men recommend highly. 

The question of hemoptysis is one that may have to be considered, 
when applying direct exposures to the chest. We do not yet know the 
exact relationship, but some have reported such accidents. 

Jesionek has his rooms so constructed ‘with reflectors that his patients 
are able to go about as they please, not necessarily lying down; and, as a 
result, they do not tire of the treatment as easily as those using other 
methods. His is the more acceptable mode of exposure for ambulant 
patients but requires specially equipped rooms. 


CONTRAINDICATIONS TO THE USE OF LIGHT 


Various contraindications to the use of sunlight exposures in tubercu- 
lous patients have been advanced, although there is little uniformity 
of opinion in this regard. Schréder excludes those with accompanying 
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cardiac disease, especially the obese, as well as the more irritable patients, 
and limits radiations to the fibrous form of lung disease. Others elim- 
inate those in whom the tuberculosis is progressing, particularly those 
with high fever; and select only the stationary cases in good general 
condition. Still others avoid the following: Those who develop slight 
elevations of temperature; those in whom the pulse has a tendency to 
become rapid upon exposures; those who have insomnia; and those who 
show any signs of hyperthyroidism. Loss of appetite may prove an 
indication for discontinuance. Bacmeister excludes not only active ° 
cases but also all ‘‘open” tuberculosis. 

Some accidental developments have been reported, as follows: Gra- 
witz saw, under solar radiations, cardiac insufficiency and marked nerv- 
ous irritability. Schréder observed tachycardia, high fever and an 
advance of the lung disease. Fever-free patients at times developed 
fever after the radiations. Bacmeister, Jacquerod and others found 
hemoptyses. Contrary to Schréder, the sun baths are recommended by 
Bandelier and Répke and Liebe for obese patients. Liebe, however, is 
strongly against using them for patients with irritable nervous systems. 

There are very few contraindications to exposure to the mercury 
quartz light, except for those. patients who have a tendency to develop 
‘ recurring headaches, nervousness and insomnia after radiation. There 
are a few in whom the temperature becomes elevated and, if this con- 
tinues, it should be considered a contraindication. Some patients have a 
very sensitive skin and develop severe burns and large blebs, which may 
cause a discontinuance of the lamp. 

The question of hemoptysis is one upon which workers do not all agree. 
With sunlight, Jacquerod maintains that hemorrhages frequently occur 
and therefore he is much opposed to its use. Pottenger believes that 
hemorrhage is not a contraindication. Morin at Leysin said that pa- 
tients who formerly had frequent blood spitting, lost this tendency after 
employing solar radiation. In the report of the Massachusetts Tubercu- 
losis Hospital, four hemorrhage cases that had been exposed to sunlight 
all did poorly. Bacmeister has seen hemorrhage occur in his patients 
who exposed themselves to sunlight with their clothes on and without 
regard to dosage. Certain workers claim that it is merely direct expo- 
sure to the chest that should be avoided. With the quartz lamp hemop- 
tysis does not seem to be a contraindication, if we take the added pre- 
caution of avoiding direct exposures to the chest. Holmboe, who first 
excluded hemorrhage cases for his radiations, later exposed them and 
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found no harm resulting. The writer saw two hemoptyses occur during 
exposures with the quartz lamp but no definite relation of cause and 
effect could be proved between the exposures and the hemorrhages: 
both patients had had other hemoptyses before using these direct expo- 
sures to the chest. Certain authors have even claimed that the lamp 
by bringing the blood to the skin surface may prevent hemoptysis. 


EFFECT OF LIGHT UPON PULMONARY TUBERCULOSIS 


1. Sunlight. Ina consideration of the effect of light upon the various 
types of tuberculosis the most interesting and at the same time the most 
doubtful point is the question of its effect upon the lungs. There is no 
phase of the subject that is more disputed and upon which there is greater 
divergence of opinion. In Switzerland, sunlight was at first used rather 
extensively for pulmonary tuberculosis, but for the most part has now 
been discarded. Solaria that were first constructed for these cases have 
been discontinued. Jacquerod, who had over six years’ experience with 
thousands of cases, as well as other physicians in Leysin, has discarded 
the treatment. They claim that bad results have occurred, such as acti- 
vation of previously quiescent disease, as well as hemoptyses. Rollier, 
however, continues to use it in surgical cases that have concomitant pul- 
monary disease, selecting preferably those with no fever, in good condi- 
tion and stationary signs. He mentions good results in second and third 
stage cases and suggests the possibility of an immunity developed in 
these cases by the surgical condition. Armand-Delille discredits sunlight 
exposures for pulmonary tuberculosis but employs them to prevent it 
after a pleurisy, or for tracheobronchial adenitis, with very satisfactory 
results in both cases. Malgat mentions excellent results; but he speaks 
much too enthusiastically of sunlight as a cure-all, and his work, it 
seems, would have to be substantiated. Morin also appears too enthu- 
siastic. Renon and Szaboky have reported good results in afebrile pa- 
tients. Haberling more cautiously offers his opinion that the good 
results were due to the climatic-rest cure rather than to radiations. 
Von Schrétter believed that sunlight had an important influence on pul- 
monary disease, but only indirectly. 

Most workers agree that, by arresting glandular disease, sunlight is a 
prophylactic agent against pulmonary tuberculosis. It has been espe- 
cially recommended for hilum tuberculosis in children, but less so 
in adults. Shortle has recommended it in pulmonary tuberculosis. 
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Pottenger believes that it is useful as an adjuvant, and exposes febrile 
patients. The Massachusetts Tuberculosis Hospital reports good results 
in 31 of 35 cases. Bacmeister cites cases in which the disease had defi- 
nitely been reactivated by overexposures to sunlight. Webb and Gard- 
iner have spoken of fair results in Colorado. At Perrysburg, New York, 
the pulmonary disease occasionally cleared up with the surgical condi- 
tion. 

2. Artificial light. Treatment of pulmonary tuberculous with arti- 
ficial light has received considerable attention. Heusner has summa- 
rized most of the work abroad and concluded that fairly good results 
were obtained :—a lessening of cough and expectoration, a lowering of the 
temperature, an improved appetite, and a betterment of the physical 
signs. Breiger also noted beneficial results. Frischbier found that 
moist catarrhal cases became drier, with general betterment and loss of 
fever. Bacmeister uses the quartz light in conjunction with the X-ray, 
and feels that the former is an important constitutional aid in the treat- 
ment of pulmonary cases. Gustein reported rather steady improvement 
with quartz light exposures, but cautioned against overenthusiasm. 
Bochalli found subjective betterment in almost all cases but could find 
little objective improvement:.in only one case was there a rise of tem- 
perature. Almost all of his patients enjoyed the treatment. Rubow 
and Wurtzen treated 16 ambulant cases with the carbon arc, always 
avoiding erythema, and obtained good results. Some authors recom- 
mend the use of the carbon arc, especially in cases in which a pulmonary 
collapse has been performed. Rohde carried out a rather unconvincing 
experiment, treating a few tuberculous guinea pigs with ultraviolet rays, 
and believed that he was able to cure those already diseased, as well 
as to prevent the development of the disease after inoculation. 

Simon has given a brief report of his artificial light cases, and in this 
he speaks of exposures amounting to thirty-six hours in all. This does 
not seem a long enough period from which to expect results. Breiger, 
after an extensive experience, felt that he could not begin to obtain results 
until after a six or eight weeks’ succession of radiations, by which time 
he had reached an hour’s exposure front and back. Beyond a few con- 
traindications previously mentioned, the lamp seems to be practically 
without danger for the pulmonary cases, but it has been rather difficult 
to select cases with a view to determine which ones may or may not be 
benefited by it. It is probable that brunettes do better than blondes, and 
it may be preferable to select well-nourished patients rather than ema- 
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ciated ones; otherwise, criteria are lacking. If the result is psychic, then 
the most impressionable patient may benefit most. Since the dangers 
are so few, the lamp could be tried, if only for its psychic effect, in those 
cases that have already had a prolonged trial of routine hygienic-dietetic 
treatment and have not responded, regardless of the stage or activity of 
the disease. Under these conditions one has occasionally found rather 
decided improvement in some old chronic cases—even in those who have 
been having moderate fever, and in whom there have been noted loss of 
fever, gain in weight and restoration of appetite with improved digestion. 
However, if one entertains too high expectations, disappointments will 
be very frequent. It has seemed best to offer the treatment to patients 
as.a possible rather than a probable benefit. Easier cough and freer 
expectoration have been observed although these symptoms were other- 
wise unchanged; bacilli in the sputum have been uninfluenced; physical 
signs of the chest have not varied. 

Some patients have developed higher fever during treatment, which 
proved an indication to stop treatment. Likewise, an increase of other 
symptoms occasionally occurred and caused discontinuance. It is as- 
suredly not a certain cure for pulmonary tuberculosis, but a good number 
of writers feel that it is an aid. 


THE SIMILARITY OF FOCAL REACTIONS SET UP BY LIGHT AND TUBERCULIN 


In the use of both artificial light and sunlight, one frequently notices 
at the beginning of treatment a slight rise of temperature with an increase 
of localizing pulmonary symptoms. This reaction has been likened by 
some observers to a tuberculin reaction. Jesionek believed that the 
pigment can act specifically, just as tuberculin does, and that, when 
carried by the blood stream, it sets up a focal reaction such as he has 
observed in the lungs, larynx and joints. These he obtained only in 
cases that developed good pigmentation. A latent period always existed 
before signs of the reaction appeared. He was able to cover his lupus 
areas by shutting them off entirely from the light, and then, by exposing 
the rest of the body, healed the diseased areas: he thereby apparently 
showed that something had to be carried by the blood to the focus. 
However, in his treatments he always preferred to expose the diseased 
parts, since he considered that the local inflammatory reactions obtained 
through direct radiations were very important. Rost also believed that 
he obtained better results in lupus if the lupus tissue itself was rayed, 
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and maintained further that under general radiations he was able to 
observe small nodules develop in the bladder in tuberculosis of this 
organ, which he considered to be focal reactions. Grau similarly was 
of the opinion that he obtained focal reactions in the lungs. Englemann 
radiated the posterior part of a frog’s body and observed changes in the 
retina. Schanz mentions an isolated instance of a tubercle upon the 
retina which disappeared under general radiation. Reyn and Strauss 
healed 30 cases of lupus, which had not been affected by local treatment 
alone, when they also applied general radiations. 


ACTION OF LIGHT ON SURGICAL TUBERCULOSIS 


1. Sunlight. By far the best results have been obtained with sunlight 
in this form of the disease, especially by Rollier in Leysin. Other re- 
ports comparing very favorably with those of Rollier have been men- 
tioned by workers in the lowlands of America,—at Perrysburg, in par- 
ticular. 

Great benefits have been obtained from the treatment of bones and 
joints in which healing and a return of lost function occurred, together 
with rapid closure of sinuses. Peritonitis, pleurisy, and glandular and 
cutaneous tuberculosis have. responded with almost equal success. 
Promising results have been seen in disease of the genitourinary and 
intestinal tracts, eyes, mouth and throat. 

In Rollier’s results the intensity of the ultraviolet ray is but a small 
factor. This must be so when we realize the benefits attained in the low- 
lands, even in winter. Evidently the good surgical technique and the 
ability to have patients remain under his care for prolonged periods 
play their part, and, furthermore, the stimulation due to the air bath 
must be a factor in increasing resistance. Hyde at Perrysburg, New 
York, noted a return of motion in joint cases only in the early stages, 
while with Rollier joints which had already undergone fibrous ankylosis 
had their function restored. Both workers found that muscles of the 
affected limb did not suffer atrophy during treatment. Hyde observed 
that sunlight usually reduced the amount of pus in abscess cases and fre- 
quently caused their complete absorption. Lymph nodes were gradu- 
ally reduced in size, and in suppurating nodes there was an absorption 
of their contents. Effusions in joints, peritoneum and pleural cavity 
were also absorbed, but this was especially marked with the peritonitis 
cases. Lucas, in California, using solar therapy for peritonitis (when 
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there is an excessive amount of fluid) found that better results were ob- 
tained when operation was carried out first, and then followed up with 
solar exposures after the distention was relieved. Rollier obtained better 
results in the closed forms of surgical tuberculosis than in the discharging 
cases. He noted frequent spontaneous absorption of glandular abscesses, 
so that he punctured only those which were about to break. Directly 
following solar treatment, the fistulae often became active and poured 
out their contents. The glands at times emptied themselves as “nuts 
from their shells.” Wounds were protected by perforated metal cover- 
ings so as to allow air to get at them. If secretion was too great, the 
fistulae were covered with sterile compresses. In synovial disease heal- 
ing is much slower. Conservative surgery was also employed by him 
in a rational way. Scherz carried out solar treatment for surgical 
tuberculosis in the lowlands. His results were very satisfactory in 
almost all cases. Operative interference was seldom needed. Kisch 
combined solar exposures with passive hyperemia and the internal ad- 
ministration of sodium iodide for the treatment of surgical tuberculosis. 
He reported excellent results. Severe tuberculosis of the joints was 
cured and function completely restored. 

In superficial tuberculosis the question of proper dosage of light is an 
important one, small doses stimulating granulations while large doses 
are very liable to destroy them. ‘This caution is not as essential with 
sunlight as with artificial light. 

Steiner, reporting upon diseases in Java, has mentioned a lack of 
surgical tuberculosis in the tropics, and he assumed this to be due to the 
persistent sunshine. However, in the Philippines (as the writer has 
been informed) glandular and spinal tuberculosis are commonly seen. 

In a consideration of the specific effect of sunlight upon tuberculosis, 
we must first know the action on nontuberculous surgical disease. Neu- 
hof has worked along these lines in the treatment of fractures in rabbits, 
by placing some in sunshine and others out of it. He tested his results 
by the microscope, X-ray and tension, and found better and more rapid 
healing in those that were exposed to sunlight. This question should 
be investigated more extensively. In other nontuberculous conditions 
such as anemia, slow convalescence from diseases in general, rachitis, 
articular rheumatism, neuritis, neurasthenia, etc., rather enthusiastic 
claims have been advanced. Percy reported that in the treatment of 
fractures he had obtained better callus formation. 
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In glandular tuberculosis, Rollier reports from 85 to 100 per cent of 
cures in cases that did or did not have abscesses. Most results in the 
lowlands show little over 50 per cent cures. Results with X-ray treat- 
ment are better. The sunlight treatment of tracheobronchial tubercu- 
losis in children is highly recommended. Armand-Delille, Lucas and 
others highly endorsed heliotherapy for children coming from tubercu- 
lous homes, especially for those showing positive tuberculin reactions or 
for those in whom one cannot definitely prove tuberculosis but who are 
nevertheless suspects, of poor nutrition and prone to develop respiratory 
complaints and possible slight elevations of temperature. In these the 
results, both from a curative and a preventive standpoint, are most 
encouraging. Chronic tracheobronchial adenitis is often present in these 
patients. 

Strauss, in the lowlands of Eastern Europe, treated surgical tubercu- 
losis with sunlight and found that with suppurating lesions he could not 
obtain the results that other workers claimed for high altitudes unless he 
first applied surgery and then followed with radiations. A few other 
observers have found this to be so and prefer radical excision first and 
then highly recommend sunlight for postoperative treatment. 

In genitourinary tuberculosis Rollier reports healing 12 out of 31 cases; 
these were chiefly kidney and-testicular disease. Rollier, Riviere and 
others found a rapid diminution of the pyuria and a marked relief of 
pain in cystitis, even if cure was not obtained. In intestinal tuberculosis 
Rollier reports 16 cases of ileocecal disease with 10 healed. An occa- 
sional isolated report, by Meyer, Rosselet, and others, of cases of intes- 
tinal tuberculosis that were cured clinically and had remained so for 
years after treatment, can be found. 

In disease of the skin Finsen’s results with lupus treated with intensi- 
fied sunlight have already been considered. ‘They were not as satisfac 
tory as those obtained with artificial light. 

In tuberculosis of the larynx, exposures have been carried out either 
generally or with the addition of local applications externally over the 
neck, or by direct reflection of sunlight into the larynx. There is a 
gradual tendency in this treatment toward increasing optimism, although 
there is far from uniformity of opinion. Sorgo, working with Rollier, 
reported good results with general exposures, while Forster and Mills 
speak very favorably of reflected sunlight applied directly into the larynx, 
A few reports from tuberculosis institutions have likewise mentioned 
promising results with general exposures. Jessen sensitized the tissues 
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with eosin and then exposed to sunlight; his results were promising. 
Kunwald also advocated solar radiations for the larynx although Briin- 
ings experimentally could not prove that the procedure was worth while. 
Blumenfeld spoke discouragingly of his results. Jessen personally 
directed the reflected sunlight into the patient’s larynx, for he believed 
the patient himself was unable to properly direct the rays upon the 
diseased tissues. 

In tuberculosis of the ears, Rollier reports three cases cured by general 
solar radiations. 

In disease of the eyes, Borel and others reported success, especially in 
conjunctival conditions. They mentioned the need of great care. 

2. Artificial light. In consideration of the treatment of surgical tu- 
berculosis with artificial light, we find that with few exceptions the lamps 
do not promise such good results, although in certain cases they may 
occasionally act as fair substitutes for sunlight. However for super- 
ficial tuberculosis the lamp may be more valuable, inasmuch as it con- 
tains the added irritating ultraviolets that set up better reactions and so 
respond more quickly with healing. Here one can also apply pressure 
lenses with the concentrated rays. The good results with lupus have . 
been mentioned. The treatment of open wounds with the quartz light 
radiations, during the war period, appeared gratifying to certain workers 
only in those cases that had suppurated; clean wounds did not seem to 
be helped. From this one might conclude that the benefit derived was 
chiefly from the bactericidal effects of the rays. However, other writers 
have reported helpful stimulation of granulations and better cicatriza- 
tion. This question must still be investigated. Ladebeck used what 
he terms a ‘‘quartz cleanser’’ which allowed him to cleanse deep areas of 
pus, mucus and cellular debris at the same time that he was applying 
the ultraviolet rays from the Kromayer lamp. It consists of quartz 
nozzles arranged so that sterile water flows during radiation. 

In disease of the intestines, palliative results have been seen with the 
quartz mercury arc lamp, as evidenced by the cessation of abdominal 
pain and diarrhea, and a lowering or loss of fever. Frischbier, and Briihl 
have reported good results in the treatment of intestinal tuberculosis by 
this means; fever, pain, diarrhea and bacilli in stools disappeared. 

Frischbier, reporting for the sanatorium Beelitz in 1917, says, ‘‘ Espe- 
cially remarkable was the favorable influence of the quartz light therapy 
on many cases of intestinal tuberculosis. Pain and diarrhea which had 
persisted for weeks, disappeared completely, as well as, in some cases, 
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fever that had been lasting a long time; bacilli disappeared from the 
stools, the patients added weight, became ambulant, and felt stronger 
and better.’ How this occurs is still a matter for speculation. One 
cannot dogmatically exclude a direct effect on the focus, by possibly the 
violet rays (Frischbier applied the radiations to the abdomen), nor can 
one firmly assert that it is solely an indirect effect, brought about through 
the circulation. Other workers have seen benefits similar to those of 
Frischbier, but they apply the radiations to the whole body. This is a 
result that would make the quartz light very valuable, but experimenta- 
tion along these lines is needed. 

Recent communications on the treatment of intestinal tuberculosis 
with X-ray and radium radiations are also very encouraging. 

In disease of the bones and joints, a moderate number of writers report 
excellent results with the lamps, some praising the carbon arc and others 
the mercury arc, etc. A few mentioned complete failures. In peritonitis 
excellent results have been obtained with a very rapid disappearance of 
fluid in some cases. Lacqueur and Lasser-Ritscher, employing the 
quartz light, treated 21 cases of tuberculous peritonitis, 12 of which 
were in children. They obtained a rapid disappearance of fluid in all 
but 6. The result was considered due to some immune substance carried 
by the blood. Budde also used the quartz light for peritonitis and also 
obtained good results. 

In tubodvarian tuberculosis, Fromme speaks of 10 cases of pyosalpinx 
in which masses the size of a fist, which had been palpated, completely 
disappeared after comparatively few general exposures. 

In tuberculosis of the eye, good results have been seen with general 
exposures in iritis and scrofula. Passow used the quartz lamp and the 
uviol lamp for this and mentioned good healing. 

In glandular tuberculosis conflicting opinions are given but the major- 
ity report favorable results. More enthusiasm is shown, however, for 
X-ray treatment. 

For the treatment of laryngeal tuberculosis, some indifferent reports 
have been made on the use of the “electric light” and the violet rays. 
With the ultraviolet rays, reflectors are now being employed, attached 
to the water-cooled quartz lights. This is a rather recent method and 
still in the experimental stage, with fair encouragement thus far. 

Briinings experimentally radiated ulcerated tissues of the larynx with 
the quartz light, at the same time that he avoided overheating by a con- 
stant flow of water. In no instance was he convinced of scarring. On 
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the other hand, he did believe that he could well demonstrate healing 
after treatment with roentgen rays; new connective tissue formation was 
seen but no real cure in an anatomic sense. He applied the X-rays in- 
ternally and externally over the larynx. Fujinami obtained good results 
by treating lupus of the larynx with the Finsen lamp, both in the stages 
of infiltration and ulceration. 

In treating superficial lesions such as tuberculosis of the larynx or 
mouth, or lupus of the skin, there is a question as to the exact manner 
of the action of the ultraviolet rays. Are all the results obtained in lupus 
due especially to the bactericidal effect of the rays, or to a direct, specific 
effect upon the diseased tissues, or to an inflammatory response to an 
irritation, which in turn stimulates the sluggish process? It is probable 
that all three factors play a part. A hindrance to the use of the reflected 
ultraviolet light may be the lack of sufficient intensity of the rays and 
the difficulty of direct application to the diseased tissues. 

Blegvad has treated 52 cases of laryngeal tuberculosis with general 
exposures to the carbon arc, at times supplementing the treatment with 
the galvanocautery, and reports good success. Others speak of good 
improvement with the general exposures of the mercury arc. 

Strandberg, Begtrup-Hansen, and Mialstrom, all Scandinavian writ- 
ers, have been very favorably impressed with their results in the use of 
the carbon arc for tuberculous laryngitis, employing general radiations. 
However, their reports are chiefly impressions and not too convincing. 
Blegvad himself admits the need of the use of the galvanocautery in 
addition. ‘Saugman, their countryman, said that the most effective 
treatment thus far for this complication was that of a sanatorium regi- 
men. ‘These writers all favor the carbon arc over the mercury quartz 
light, but they do admit the disadvantages of the excessive heat and 
fatigue which patients object to. 

Heusner has reported a special light that he connects with the Kro- 
mayer and other lamps, consisting of a special quartz prism and mirrors. 
His impressions were also only favorable. 

In tuberculous otitis media, Scheffer has made an encouraging report. 
By the direct application of the ultraviolet rays from the air-cooled quartz 
lamp, he was able to stop 4 chronic discharges in 5 patients treated. 
Pain was relieved once. However, we realize that many of these dis- 
charges stop spontaneously, so that it is hazardous to make dogmatic 
claims. 
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In discharging sinuses (including ischiorectal fistulae) local applications 
of fluorescent substances (dyes) in addition to radiations with ultraviolet 
rays have given indefinite results. Kirch mentions healing in some in- 
stances by this method, but Reyn could not be convinced of its efficacy. 
Nagelschmidt, by this procedure, was able to heal wounds in one-fourth 
the time otherwise required. 


TREATMENT BY COMBINED ULTRAVIOLET AND X-RAY RADIATIONS 


Bacmeister is strongly in favor of this combination for treatment. He 
uses ultraviolet exposures for their general constitutional effect and the 
X-ray directly for its effect upon the focus in the lung. He believes 
strongly in the ability of the ultraviolet ray to relieve pulmonary con- 
gestions; this may be aided at times by the addition of heat rays. The 
X-ray applied locally is used to stimulate the formation of granulation 
and scar tissue. It has not the ability to kill bacteria, as was shown by 
Kiipferle and Bacmeister. In these cases they emphasize treating only 
the stationary types of tuberculosis and avoiding any progressive, de- 
structive disease or even any case with merely a tendency to fever. 
With cases of surgical tuberculosis (glands, bones, joints, etc.) which 
are still in the infiltrative stage, X-ray treatment has given some excel- 
lent results. However, in the stage of suppuration, surgery must be 
resorted to. Bacmeister says, “‘Caseous glands belong to the surgeon; 
pus and sequestra must be eliminated by the surgeon; proliferating tis- 
sue should be rayed.”’ In pulmonary disease he found that with very 
small doses of X-ray and prolonged intervals, little change appeared in 
the diseased tissues; very large doses in rapid sequence without sufficient 
reaction periods brought on bronchitis and bronchopneumonia, so that 
fairly large doses and sufficiently long intervals for reactions to set in 
and subside were found essential. This was shown to be necessary both 
in animal experiments and in human disease. Strong reactions were 
necessary in surgical tuberculosis, whereas these would be quite dangerous 
in pulmonary disease. Latent, stationary and slowly progressing forms 
of indurative disease of the lung responded well; pneumonic, exudative, 
or any acute destructive types were contraindications. His technique 
was to divide the diseased areas of the lungs anteriorly and posteriorly 
into small individual fields, as determined by the physical signs and 
X-ray. These fields were then radiated successively, front and back, 
with a dosage of 4mm. filter, amount 10-15 x. For diseased hilum glands 
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a somewhat larger dose, about 15-20 x, was given at each raying. The 
more fields exposed, the longer were the reaction intervals. The dose 
was at times made smaller if reactions were too severe. 

Before and after the X-ray exposures, Bacmeister employed two quartz 
lamps, anteriorly and posteriorly, raying the exposed upper half of the 
body, beginning at a distance of about 3} feet with a five-minute period 
and increasing the exposure every other day two minutes and diminish- 
ing the distance two inches until, after six exposures, fifteen minutes was 
reached at a distance of about 2} feet. Together with both the ultra- 
violet and X-ray treatments, a strict hygienic-rest cure was carried out, 
the patients never being allowed more than a half-hour’s walk three times 
a day. 

Holzknecht, De la Camp, and others have also treated pulmonary 
tuberculosis with X-ray radiations with favorable results; each employs 
his individual technique. The question of the most desirable dosage is 
still unsettled. 

The results although promising are not yet convincing enough to 
make one feel that it is the treatment of choice. The cases selected seem 
the more favorable in any event. 

Strauss applied these combined radiations in both pulmonary and sur- 
gical cases, and obtained only fair results. 

Diathermia has also been employed in combination with light radia- 
tions and has some enthusiastic supporters. 


PHOTODYNAMIC SENSITIZATION 


The experiments carried out have not led to very constructive results, 
although some of them may yet point the way to the explanation of 
rather important problems. The application of light is still but little 
understood, and innumerable problems present themselves. The exact 
mode of the working of light upon protoplasm is not known; likewise the 
differences with which various cells react to it. One of the most in- 
teresting and yet least understood of the workings of light comes under 
the province of photodynamics. Raab was the first to discover this 
action in 1898, and since that time a large amount of work has been done, 
with but meagre elucidation of the subject. Bering has given an excel- | 
lent review of this work up to 1914. Sellards, in 1918, added some im- 
portant contributions. Bovie, Brooks, and others are still working in 
this field. In view of its importance, it is necessary for us to consider 
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the subject from several standpoints. The application of photodynamics 
to tuberculosis, although not very promising thus far, may eventually 
offer us some real advances when the changes are better understood. 

In general, the term applies to the changed action of light upon sub- 
stances in the presence of fluorescent bodies. However, there is first a 
possibility that undue emphasis has been put upon fluorescence, for the 
reaction may occur with substances that have such a small amount of 
fluorescence that it is not detected by the ordinary’ means or it may 
occur even with substances that do not fluoresce at all. Fluorescent 
substances are those which give off light of a color different from their 
own or from that of any part of the incident light when they are illumi- 
nated. The light which is given off is usually of greater wave-length 
than the applied light, and the best exciters of this are the violet and 
ultraviolet rays. 

Certain necessary conditions hold, namely: 


(1) Substances producing photodynamic action are able to absorb light 
and to fluoresce although the photodynamic activity is not proportional to 
the degree of fluorescence. (2) Only that region of the spectrum is effective 
the wave-lengths of which are absorbed by fluorescent substances. The most 
effective rays are the actinic rays. The longer red and yellow waves are 
active for methylene blue, the green and blue for eosin, and the violet and 
ultraviolet for quinine. It is, however, even possible that some substances 
may produce this reaction with wave-lengths which are not absorbed. (3) 
The light emitted by a fluorescent body is in itself ineffective. The fluor- 
escent substance must also come in contact with the material upon which it 
acts. (4) Oxygen is necessary for some of the effects produced by visible 
light, but not for ultraviolet rays, and may even be detrimental to the latter. 
There is little evidence that the fluorescent body is altered. (5) Acidity or 
alkalinity does not affect the reaction. (6) Blood serum generally inhibits 
photodynamic action. (Sellards.) 


The fluorescent substances to be considered are many of the dyes, 
quinine, the bile salts, chlorophyl, ferric sulphate and derivatives of 
hemoglobin such as hematoporphyrin. The uranium salts are very 
fluorescent. By the skilful use of these photodynamic substances, 
sensitized tissues may be destroyed by light that is otherwise unable to 
affect the unsensitized tissues. Accordingly, the resultant longer waves 
of light may be used, which are able to penetrate deeper into the tissues. 

Through work along these lines independent investigators have deter- 
mined various changes upon protoplasm. The following striking results 
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will indicate some of these unusual changes. Red blood cells when 
mixed with eosin will remain intact if the mixture is kept in darkness, but 
in daylight hemolysis occurs under conditions in which the light itself 
has no effect. Paramecia in the presence of a certain strength of acridin 
are killed in six minutes in direct sunlight; while, in darkness but in the 
same strength and mixture, they remain alive indefinitely. The pres- 
ence of a ferment, such as invertase, increases the effectiveness of light, 
in the presence of a fluorescent substance, 400 times. 

Complement of normal serum is easily destroyed by short ultraviolet 
rays artificially produced. Longer exposures to direct sunlight will also 
render it inactive, even without the aid of fluorescent substances. Under 
ordinary laboratory conditions, diffuse light alone does not inactivate 
the complement in a few hours. 

Amboceptors are found to be fairly resistant to photodynamic action. 
The bactericidal action of dyes when mixed with culture media is dis- 
tinctly increased when exposed to the action of light. ‘The enzymes and 
the toxins and antitoxins of diphtheria are rendered more susceptible to 
light by the presence of fluorescent bodies. 

Jodlbauer injected a lymph sac in the posterior part of a frog’s throat 
with erythrosin and following this the tongue was exposed to the arc light. 
In a few minutes the exposed part showed swelling, dilatation of the 
blood vessels and a clotting of the capillaries, whereas the unexposed 
part remained normal. 

We may also meet with paradoxical situations. Thus, in conditions _ 
of jaundice in man, which implies the presence of bile pigments in the © 
blood, there is no clinical evidence that suggests photodynamic action, 
although these bile pigments are active as such in vitro. Likewise hema- 
toporphyrin will exhibit strong effects both in the test tube and in 
lower animals, whereas in conditions such as hematoporphyrinuria it 
does not usually lead to the production of definite symptoms in man. 
When found in the urine, it may be associated with cutaneous eruptions, 
but not always so. On the other hand, hemoglobin, freshly prepared 
and injected, can affect man to a great extent but is relatively nontoxic 
for animals. Hemoglobin in the blood has a protective action against the 
effect of light, the red cells protecting the serum and other components 
of the blood from the actinic solar rays. The red cells, as experimentally 
shown by Sellards, have considerable stability against light. Hausmann 
found that the bile pigments would produce hemolysis im vitro only in 
the presence of light. Sellards obtained hemolysis in sunlight by the 
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addition of bilirubin to red cells, whereas no hemolysis occurred in the 
dark. Likewise, in the light, bilirubin prevented clotting in a few cases 
although it did not exert this effect in the dark. 

' Hausmann tried to produce hemolysis of the red cells experimentally 
in vitro; and was able to do so easily after exposure to the violet rays but 
only slightly so with the red rays. He was unable to obtain it im vivo. 
Sellards found a trace of hemolysis caused by the action of sunlight 
alone. 

Some of the phenomena produced 7m vitro can be similarly produced 
in animals, showing that fluorescent substances may prove poisonous for 
animals which are kept in the light, but not for those kept in total dark- 
ness. Buckwheat poisoning in animals has been considered by many as 
due to photodynamic action, although others ascribe it to anaphylaxis. 
What follows here is, that when buckwheat is fed to sheep or swine, and 
if the animals are white or have white spots and are exposed to sunlight, 
serious symptoms develop; while if the animals are not exposed to the 
light the symptoms do not occur. Likewise, after their development 
these symptoms may subside when the animals return to darkness or 
even when the hair is artificially colored. Under exactly the same con- 
ditions animals that are dark in color will remain well. 

White mice, fed with eosin and kept fourteen days in darkness, when 
exposed to sunlight die in one-half hour; if they remain in darkness, no 
symptoms develop. Mice that had been injected with eosin by Raab 
showed on exposure to light a necrosis of the ears and later died. Prime 
fed epileptics eosin (containing 47 per cent bromine) and, when exposed 
to sunlight, erythema with swelling and necrosis developed on the face 
and hands; this might well have been a photodynamic effect. Myer-Betz 
inoculated himself with hematoporphyrin and on exposure to sunlight 
developed severe symptoms. Raubitschek considered pellagra as a sim- 
ilar manifestation, attributing it to a substance which is obtained’ in 
corn, and which is active in the presence of light. He believed that he 
could produce the condition experimentally in animals fed on corn and 
then exposed to sunlight; likewise, that he could prevent it if the animals 
were kept in the dark, or if the diet were changed when the animals were 
kept in the sunlight. He even extracted an oil from the corn which 
produced similar effects. Brandenburg also believed that pellagrous 
patients were sensitized to light by eating maize, and that in this way 
light action became harmful. 
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Amsler and Pick have been able to bring about complete stoppage of 
the isolated heart, by perfusing it with solutions containing fluorescent 
substances, and then making exposures to light; this was due to an 
effect upon the nervous part of the heart rather than upon the muscle. 
In darkness, the heart continued to beat. Jodlbauer and Tappeiner 
have carried out innumerable experiments upon bacteria, enzymes, tox- 
ins, tissues, etc., with photodynamic sensitization, but finally believed 
that little encouragement could be offered in this field. 

Reasoning that quinine is fluorescent, some authors have placed their 
malarial patients in sunlight. Viale claimed rapid improvement in 6 
cases of long-rebellious malaria by just such treatment. Reinhard found 
malarial parasites in a much shorter time in the superficial blood vessels 
when he rayed the whole body with the quartz light, and employed a 
blue filter. He found this procedure valuable both for diagnosis and 
treatment. However, Sellards could not obtain zm vitro any increased 
effect of quinine when sunlight was used. No evidence was obtained 
by him that quinine was dependent on its photodynamic effects for its 
action against the malarial organisms. Neuberg and others believed 
that in certain water cures the mineral substances acted as sensitizers 
of the body to light, so that it was actually a light therapy. 

A few workers have attempted to use therapeutically this photody- 
namic action, but both experimentally and otherwise many obstacles 
seem to arise, so that for the most part only indifferent results have been 
obtained. It may be that when many phases of the subject are better 
understood, and more experiments are carried out and with better con- 
trols, we will obtain some satisfactory benefits. 

Hofer, working upon cutaneous diseases of fish, employed eosin with 
exposures to light, and was able to destroy the skin parasites. 

Jesionek and Tappeiner treated superficial tuberculosis with results 
that were not very promising. The results of Reyn were also unsatis- 
factory. Mayer, of Berlin, as well as Kirch and Nagelschmidt, applied 
dyes to suppurating wounds and then exposed the latter to the ultraviolet 
rays. Their results were very gratifying. 

It has been found that protective action against infecting agents can 
only be obtained when the injections of the agent and the fluorescent sub- 
stance are made simultaneously, and sometimes they are required to be 
made in the very same area. As a result we find striking differences 
between the test tube reactions and direct experimental results. 
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Although from the foregoing consideration of this phase of light action 
the therapeutic results have not been promising, further attempts along 
these lines are still being made. 


SOME ADDITIONAL EXPERIMENTAL EFFECTS OF LIGHT 


The question of the action of light upon proteins has been experi- 
mentally considered. Schanz has exposed the albumen of the lens of the 
eye, egg albumen, and serum albumen, and found that with ultraviolet 
rays he could change soluble proteins to less soluble ones. He further 
radiated organic substances such as acetone and formaldehyde and was 
able to break them up into their elements and radicles. Tuberculin was 
exposed to the rays from the mercury quartz light, and found after a suf- 
ficiently long period to lose markedly its power.to cause the intracutane- 
ous tuberculin reactions. At times this power was lost completely. The 
intracutaneous tuberculin test was frequently lessened in extent, when 
the inoculated area was exposed to the ultraviolet rays either before or 
after inoculation. The subcutaneous tuberculin reaction was found by 
Hoffmann to be markedly hastened in the presence of light. It appeared 
earlier after morning inoculations than after those given at night. The 
beginning of fever exhibited generally a six hour difference. This was 
worked out on the basis of a large series of tests in many institutes. 
Karczag studied the effect of sunlight on the allergy of albino and pig- 
mented guinea pigs and found that there was a definite increase. R6mer 
noted differences in the skin reactions between white and pigmented 
guinea pigs. Although Schanz believed that an opacity of the lens of 
the eye was developed after prolonged ultraviolet exposures, Burge did 
not obtain it even after one hundred hours of consecutive exposures to 
the quartz light. 

Martin found that the cornea absorbed all rays shorter than 295yp, 
but that the lens can absorb the rays between 300upy and 400up. The 
unmodified lens proteins do not coagulate on exposure to the short ultra- 
violet rays, while the serum proteins do. There may be some unknown 
protective provision present in the lens and in the humors of the eye, 
but if solutions of calcium chloride or sodium silicate or dextrose are 
added coagulation occurs. Birch-Hirschfeld believed that the ultra- 
violet rays could cause a cataract. Bovie found that the photoinstability 
of egg albumen and certain amino acids increased sharply as we pass 
from the ultraviolet of sunlight into the region beyond. Henri also 
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showed that the extinction coefficient of egg albumen and blood serum 
increased many times as we passed beyond this region. 

Miiller reported on the influence of radiations upon reactions to the 
various partial antigens. He found that sunlight increased the whole 
partial reactivity but especially the albumin; X-ray increased the 
fatty acid lipoid reactivity; quartz mercury light increased the nastin 
reactivity. 

Metals have been applied locally to superficial tuberculosis in combina- 
tion with treatment with sunlight exposure. Thedering applied copper 
for treating lupus and reported favorable results. Schréder used injec- 
tions of gold and thought he obtained some promising benefits. Hufnagel 
injected aniline into animals and this with sunlight exposures he believed 
caused a healing of the skin lesions. He also fed benzol to his tubercu- 
lous patients and exposed them to sunlight, and became convinced of 
the value of this procedure. 


Baroni and Mihaiesti found that radiated horse serum could be injected 
into an actively anaphylactized guinea pig without injury; however, its 
relation to precipitable substances experienced no weakening, but on the 
contrary, an increase. A very long radiation of horse serum leads to the 
destruction of the specific precipitability with which the sensitizing propesty 
also experiences a reduction at the same time. 

Doerr and Moldovan found that with normal sera the specific precipita- 
bility and the anaphylactic properties disappear; that with antisera, the pre- 
cipitable as well as the passive anaphylactic properties disappear; and that 
the weakening of the antigenic qualities of normal sera and the immune 
functions of the immune sera for precipitation and anaphylactic reaction 
follows sufficiently regularly. Both authors could show the symptoms of 
antianaphylaxis by reinjection of radiated serum in anaphylactized animals, 
from which they concluded that, under certain conditions, corresponding to 
traces of precipitation, antigen remnants were held in the radiated serum 
(Wagner). 


On the whole the experimental work has thus far not rendered much 
aid in the way of advance in treatment but the whole subject offers a 
field for what would appear to be some fruitful endeavors. 


CONCLUSIONS 


It is evident that we have yet many problems to solve. Some of these 
are: (1) The question of the exact mode of the formation of pigment 
and the actual réle of this substance. (2) The proof of any specific pow- 
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ers possessed by pigment. (3) The ability or inability of pigment to 
change short rays to longer and more penetrating ones. (4) The rela- 
tion of pigment to prognosis and lymphocytosis. (5) The ability of 
pigment to set up focal reactions in tuberculosis. 

We require many more experiments to show the exact penetrating 
powers of the various rays, and additional data in relation particularly 
to the effect of violet and ultraviolet rays upon tissues, both healthy and 
diseased, and upon bacteria especially in vivo. 

More experiments are needed to compare the effects of the ultraviolet 
rays with those of the red and ultrared rays, and many more compara- 
tive results between high and lower altitudes are necessary. 

From clinical experience with surgical tuberculosis, evidence points 
to the greater value of the ultraviolet rays although it appears that the 
heat rays may also aid. . 

Insufficient comparative and statistical studies upon patients, espe- 
cially upon those with pulmonary disease, leave much to be desired. 

Much more knowledge must be had experimentally of the effect of 
light upon nontuberculous conditions. 

In surgical tuberculosis we can conclude that with sunlight excellent 
results have been obtained with children in the treatment of bone, joint, 
skin and peritoneal disease. However, it seems better, especially in the 
lowlands, to remove debris (pus, sequestra, etc.) first and then apply 
radiations. In disease of the genitourinary tract, eyes and larynx, only 
occasionally favorable results have been had. General exposures have 
given only slight and doubtful improvement in laryngeal tuberculosis. 
Local laryngeal exposures by means of reflected sunlight may eventually 
accomplish more for us. 

With sunlight, intestinal tuberculosis has only rarely given good pallia- 
tive results, with cessation of abdominal pain and diarrhea. 

In tuberculous adenitis, probably better and quicker results are ob- 
tained in the infiltrative stage with the X-ray. The more enthusiastic 
advocates of sunlight claim material benefit and cures in over 50 per 
cent of these cases. Rollier, however, gives a much higher percentage of 
cures. In suppurating glands it seems better to excise radically, and 
follow up with solar exposures, although at high altitudes good results 
are obtained by aspiration followed by sunlight. Hilum tuberculosis in 
children seems especially suitable for light treatment. 

Rollier’s results in surgical tuberculosis cannot be denied, but we must 
remember that the patients remain under his care for prolonged periods 
and orthopedic principles are in great part carried out. 
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The part the air bath plays in these cases should also be given due 
credit. 

From a consideration of the results obtained with artificial light ex- 
posures, it appears that in surgical cases this means of radiation does not 
promise as much as sunlight, except in the handling of superficial tuber- 
culosis, enteritis and possibly laryngitis. However, it may act as a fair 
substitute for sunlight in glandular, osseous, and peritoneal tuberculosis. 
Longer periods of radiation are necessary. 

In intestinal tuberculosis exposures to the mercury arc have given pal- 
liative results, with cessation of abdominal pain, diarrhea, fever, and 
bacilli in the stools. The difficulty of judging the clinical results as 
against controls must be realized. However, this appears to be a real 
indication for a trial of the lamp. It is hoped that the question of a 
direct effect upon a focus, such as in the intestine, may be settled by 
animal experimentation: the disease has been produced in dogs by intra- 
vascular inoculation (Loeper and Esmonet). 

The use of reflected ultraviolet rays in laryngeal tuberculosis is still in 
the experimental stage. 

In order to judge fairly the value of lamps, an institute like that of 
Jesionek is preferable, where the patients reside permanently and are 
able to walk about or lie down as they please and do not tire too quickly 
of the treatment: in this way, they are willing to give it a thorough 
and conscientious trial. 

In pulmonary cases, artificial light may act as a stimulator of metab- 
olism and a psychic aid; or it may act by depleting, and then in turn 
causing an overfilling of the pulmonary circulation, this being the result 
of the cutaneous irritation which brings about a dilatation of the super- 
ficial vessels. In pulmonary disease the quartz mercury arc is less dan- 
gerous than sunlight and may help individual cases, but we have at 
present no satisfactory criteria for the selection of these. Any pulmo- 
nary case may be given a trial, if only for the psychic effect, The results 
in some of these cases can prove favorable in the relief of symptoms. 
In general, brunettes fare better than blondes. The quariz light seems 
therefore only an occasional aid for these cases and tts advantages should 
not be exaggerated. An objection against offering this treatment and one 
which at present at least seems difficult to overcome is the expense 
of these lamps. The X-ray may eventually offer a more important 
method of treatment by directly attacking the lung focus. 
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Sunlight in pulmonary cases, if employed at all, must be used very 
cautiously, with a careful selection of the patients, preferably the sta- 
tionary types, well nourished, who have little or no fever. These are 
the more favorable cases anyhow. Before attempting the use of sunlight 
one must realize the dangers that have been shown by experienced work- 
ers. Brilliant results cannot be promised. The air bath probably plays 
a more important part in improving the vigor than has been realized. 
It must yet be proved whether the light treatment itself specifically helps 
these cases or whether other factors are not to be given greater credit. 

The action of light on ferments and so called ‘‘antibodies” and other 
constituents of the blood, as well as its means of influencing the deeper 
organs, is mostly a matter of speculation up to the present. Its effect 
upon protoplasm is not well understood. 

The more important ultraviolet rays that especially affect cells, toxins, 
bacteria, ferments, etc., are present in the quartz mercury lights but 
absent in sunlight as it reaches us. These are the rays of very short 
wave length. 

We must remember not to become too enthusiastic because of isolated 
successes nor should we rashly condemn the treatment because of our 
personal failures. 

The exposures should be accommodated to the patient at hand. No 
general rule can be followed for all cases. Intervals between exposures 
should be employed in some cases although this may preferably not be 
the procedure in easily pigmented patients. Cutaneous irritation with- 
out tanning can also prove very desirable. The treatment should prefer- 
ably be given under the guidance of a physician. 

Artificial sources of light containing all the rays of the solar spectrum, 
such as the carbon arc light or the mercury arc combined with incan- 
descent bulbs, may eventually prove preferable, but further experience 
must determine this. Additional ultrared rays may prove helpful. - 

Photodynamics has not yet proved a fruitful field therapeutically. 

Most of the favorable clinical reports of light radiation still rest upon 
empirical evidence. Scientific work has not yet offered us any very help- 
ful therapeutic results. However, it does seem that light should prove 
an important means of treatment. 

Finally, we must not fail to remember that our personal impressions 
must be taken for no more than such, and it should be our aim to depend 
more upon exact experimental data. 
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REPORT OF RESULTS AFTER SIX AND ONE-HALF YEARS’ 
USE AT THE J. N. ADAM MEMORIAL HOSPITAL 


CLARENCE L. HYDE anp HORACE LO GRASSO 
Perrysburg, New York 


In discussing a paper read by Dr. John H. Pryor before the annual 
meeting of the Medical Society of the State of New York at Buffalo, 
April 27, 1915, we predicted that it would not be many years before helio- 
therapy would be the recognized treatment in the so called surgical 
tuberculosis. This prophecy is fast being fulfilled, for sun cure is being 
more generally applied not only in surgical tuberculosis, but also in all 
conditions where low resistance plays an important part. Several insti- 
tutions have already made provision for the erection of special buildings 
for carrying out the Rollier treatment. 

In presenting this paper, we wish to bring out the point that during 
our six and a half years’ experience with this method of treatment, we 
have become so convinced that much better results can be attained in 
these cases if the disease is not looked upon by orthopedists and sur- 
geons as a purely surgical one. We cannot make it too strong that this 
type of disease is nothing more than a general constitutional disease 
with local manifestations, and that it must be treated as such until 
surgical interference becomes imperative. When we realize that a very 
large percentage of these cases in adults present also a lung lesion, that 
comparatively few of them have had a stethoscope placed on their chests, 
and that it is rarely deemed necessary to call a tuberculosis expert into 
consultation, it will be readily seen how this disease has been kept a 
purely surgical one. Until recently not one of our cases of this nature 
had had a diagnosis of pulmonary tuberculosis made before admission; 
yet we have had several that have even had positive sputum. 

Although sun treatment has been applied for surgical tuberculosis for 
some years in the United States, it has been practised only in a sort of 
haphazard way, and consequently the results have not warranted its 
general adoption. In 1913, Dr. John H. Pryor, after returning from a 
trip to Europe, was so enthusiastic with the results obtained with Rollier’s 
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method of heliotherapy, that he at once introduced it at the J. N. Adam 
Memorial Hospital at Perrysburg. 

In starting the work we encountered many difficulties. Both the 
medical profession and the laity were very sceptical. We had no proper 
porches for carrying on the treatment; we ourselves had no special train- 
ing in orthopedics and surgery; all our nurses and attendants had to be 
very carefully instructed and closely watched; appliances for immobiliza- 
tion had to be devised; proper wind protection had to be improvised; and, 
although we were under Dr. Pryor’s constant supervision and were fol- 
lowing Rollier very closely, we had to modify Rollier’s methods to meet 
our local conditions. 

In 1914, on account of the favorable results obtained, Dr. Pryor in- 
duced the city of Buffalo to appropriate $125,000 for the erection of two 
children’s sun cure pavilions to accommodate 120 patients. He met 
with considerable opposition in securing the appropriation because a 
canvass of all the hospitals in Buffalo showed apparently less than 20 
cases of surgical tuberculosis. Within a year not only were these 
pavilions filled, but we had a long waiting list. Likewise, the pressure 
for admission from adults was so great that we had to improvise tempo- 
rary quarters for this class of patients. In 1918, the adult sun cure wait- 
ing list became very large, ahd a temporary building to accommodate 
50 men was erected. Today we have under Rollier’s treatment 175 cases 
of surgical tuberculosis as well as many pulmonary ones; and, when our 
new sun cure pavilions (for which our Council has appropriated $800,000) 
shall have been completed, our capacity will be more than doubled. 

In giving heliotherapy certain precautions must be exercised, and we 
strongly urge that the directions which we give below be closely followed. 
Sun cure, when improperly applied, may prove not only unsatisfactory, 
but very injurious. 

After a patient is admitted to the hospital and all casts have been’ re- 
moved, he is made to accustom himself thoroughly to life in the open air 
before insolation is attempted. This may take a week or more, depend- 
ing upon the condition of the patient and the weather. The course 
usually followed is first to have the patient rest and sleep in his room with 
doors or windows open. Having become somewhat accustomed to the 
air, he is placed on an open porch for an hour or so. ‘The time is gradu- 
ally increased until he is able to be in the open practically the twenty-four 
hours of the day. During this time, he, of course, is either dressed or 
has full bed coverings, and is not placed under the direct. rays of the 
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sun. While he is thus adjusting himself to an open air life, he is carefully 
observed, and a record is made of temperature, pulse and respiration, 
and of the urine and blood findings. It is then that he is ready for the 
real solar bath. 

No sun is given later than one-half hour before, or earlier than one 
hour, or better still, two hours, after a meal. The treatment is carried 
out in a recumbent position in bed, or, for ambulant patients, on a flat 
couch, or, if necessary, on the floor. The feet are exposed first without 
regard to the site of the lesion. The lesions are not to be exposed to 
the sun until the whole body has been gradually uncovered. Care must 
be taken that no breeze strikes the body. This can be accomplished by 
the use of wind breaks or screens. The head is always protected either 
by a linen cap, umbrella, or awning at the head of the bed. The eyes 
are shielded by means of colored glasses. We have found that a towel 
placed over the eyes and forehead proves very satisfactory. 

The following schedule is used in giving the sun bath (see chart 1): 

First Day. ‘The feet are exposed and bathed in the sun’s rays for five 
minutes, three or four times at hourly intervals. 

Second Day. ‘The feet are insolated ten minutes and the legs from 
ankle to knee five minutes, three or four times at hourly intervals. 

Third Day. The feet are insolated fifteen minutes, the legs from ankle 
to knee ten minutes and the thighs five minutes, three or four times at 
hourly intervals. 

Fourth Day. The insolation of the previously exposed parts is in- 
creased by five minutes, and the abdomen and lumbar region are exposed 
five minutes, three or four times at hourly intervals. 

Fifth Day. Again the insolation of the previously exposed parts is 
increased by five minutes, and the chest and back are exposed five 
minutes, three or four times at hourly intervals. 

Sixth Day. Increase the exposure by five minutes. 

The time of exposure is increased daily according to this ratio, until 
two or three hours of sun bath is given. If the patient’s condition does 
not allow this schedule to be carried out, we insolate the front of the body 
first, and on the sixth day, or as soon as he can be turned conveniently, 
expose the back in accordance with the above schedule. 

Sinuses and ulcers are not exposed till after the whole body has been 
insolated, after which the lesions may be covered with a wire screen, so 
that the sun and air may be allowed to play upon them. It is unneces- 
sary to mention that the only covering that we use after complete insola- 


NNS BHA OL Bi ANZIAVd BHA HOIHM AB 3H. 


os Sb Ov oe 02 st 


G 94} 
—'yed pasodxa 
94} SB jo 
awes pynoys 
Apoq a4} suoiod 
pasodxe oy} 
‘hep ayy wos4 


IWLIdSOH 'N 


‘Aep 
OF OY Woy 


< 
< 
4H 


NOILLVIOSN!I JO SILVWZHOS 


162 
if 
| ii 
4 
| 
| 
H 
| 


HELIOTHERAPY IN SURGICAL TUBERCULOSIS 163 


tion of the body is a loin cloth and, as mentioned above, a wire screen. 
If, however, the discharge is very profuse, we use frequent light gauze 
dressings to catch the discharge. 

After each insolation the patient may be vigorously rubbed with 
spirits of camphor to harden the skin. If the skin is very sensitive, a 
rubbing with some vegetable oil, such as cocoanut or olive oil, may be 
given before each exposure. If, during this preliminary treatment, for 
any reason the sun bath is interrupted, the insolation should be resumed 
at a stage a little earlier than that at which it was stopped. 

Great care must be taken while the patient is becoming accustomed to 
the sun, and during the formation of the first pigment. It is at this time 
that we must be especially careful to see that no reaction such as derma- 
titis, high pulse, rise of temperature, nausea, headache, or other consti- 
tutional disturbances, take place. We must also see that the patient 
does not overexpose himself, through being overanxious to get as much 
sun as possible. When thereis a great deal of fever, or when the patient 
is feeble, the time of exposure must be shorter and most carefully regu- 
lated. If any reaction is observed, the exposure is stopped or the time 
shortened. 

Throughout the summer months, sun baths are not given during the 
hottest hours of the day, as a reaction may occur, due to the depressing 
and fatiguing effect of the sun’s rays at this time of the year. 

During the winter months, regardless of sun conditions, if a child feels 
or looks chilly, it is most important that he be taken into a warm room 
and the treatment discontinued for the time being. 

In warm weather the children wear only their trunks, regardless of 
where they are, whether at play or at meals. On pleasant winter days 
when the wind is not too strong, the children who can stand exercise 
play naked in the open for an hour at a time. 

After the treatment has been taken for some time, and weather con- 
ditions are unfavorable for exposure, an air bath may be given, the 
length of time depending upon the general condition and resisting power 
of the patient. 

As treatment proceeds, the surface of the skin becomes bronze, then 
copper color, and finally a chocolate brown. By the time pigmentation 
has reached this stage, the skin has assumed a soft velvety feel and a 
healthy look. Its resistance to bacterial infection is now most notice- 
able. There has not been a case of skin infection after an abrasion in 
any of our patients, although, during the summer months, the children 
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climb trees and roam through the woods naked, and have every chance of 
getting abrasions and cuts. 

The favorable progress of the cure is in direct proportion to theinten- 
sity of the pigmentation of the skin. We use the degree of pigmentation 
as an index to prognosis. Many of the patients on entering look hag- 
gard, anaemic and emaciated, and are fever ridden. Some of them are 
suffering so much from pain that they cannot stand even the slightest 
jar. After a very short period of treatment, the general condition of 
the patient improves remarkably. The fever and chills gradually dis- 
appear, and usually at the end of ten days the patient is entirely relieved 
of pain. We find moreover a return of appetite, and increase in weight 
and strength, and a better blood condition. Hemoglobin and red cells 
increase; leucocytosis, if present, becomes reduced; as pigmentation 
advances, an actual lymphocytosis takes place; eosinophilia is also pres- 
ent to a slight degree; and the patient begins to look like a healthy, 
happy normal human being once more. 

The most striking local result in the treatment of joint tuberculosis by 
heliotherapy, and the one of greatest importance and advantage in early 
cases, is the preservation of motion in the affected joint. While Rollier 
has accomplished this even in cases of fibrous ankylosis where the condi- 
tion has existed for years, we, as yet, have not been so successful; but we 
have obtained good motion in early joint cases. 

While prognosis, in the ordinary expectant treatment of fixation by 
casts or by operative procedures, depends upon the completeness of an- 
kylosis, in heliotherapy the gradual establishment of motion goes hand 
in hand with the healing process. In the classical treatment, ankylosis 
and the destruction of function are the aims; in heliotherapy, the return 
of the joint to full function is the aim. 

The sun acts as an agent of repair upon bone tissue. There is a sepa- 
ration and a painless spontaneous expulsion of sequestra and an intense 
recalcification. The point of origin of these sequestra may be quite 
remote from the point of expulsion. They may follow a sinus tract for 
some distance. 

The effect upon sinuses and ulcers is one of marked reaction on the 
tract or ulcer. At first there is a profuse discharge, followed by slough- 
ing, formation of healthy granulation and, finally, the drying up and 
healing of the sinus or ulcer. In cases of abscesses, the sun usually re- 
duces the amount of pus and frequently causes complete absorption. 
We use no injections of paste nor do we operate. Where drainage is 
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absolutely required, aspiration is resorted to rather than evacuation by 
incision. 

The effect upon lymph nodes is a gradual reduction of their size, and 
in broken down nodes their contents are often absorbed. 

The effect on effusions in joints, peritoneum and pleural cavity is 
one of absorption. This is most noticeable in peritonitis. 

In bone and joint cases a special bed with surgical spring is provided, 
so that the patient’s posture can be properly controlled for counter- 
traction. The surgical spring is made of strong interlacing steel bands, 
and may be raised at the head or feet, and to whatever height desired. 
The use of a hard mattress prevents any possible yielding. Following 
Rollier’s advice, splints are used only in exceptional cases and casts are 
entirely discarded. 

Immobilization is accomplished by absolute rest in bed and by me- 
chanical means, such as chest retaining corsets and tractions, the latter 
consisting of leather braces connected with straps, the braces gripping 
the knee and ankle. In this way the pull is at both knee and ankle, and 
may be increased or decreased at either place as desired. This allows 
insolation of a considerable part of the extremity. 

Time will not permit us to describe the method of treatment for each 
separate lesion, but such description may be found in an article written 
by us and printed in the New York Medical Journal for January 6, 1917, 
entitled The Rollier Treatment for Tuberculosis. 

We have used the Alpine sun lamp for the last five years during the 
winter months when there was no sun available. Although the results 
with the lamp are good, it cannot take the place of solar radiation. 

For indolent ulcers and sinuses we have used during the past six 
months with good results the Thézac-Porsmeur lens (a large biconvex 
lens for concentrating the sun’s rays). This lens was presented to us 
by Mrs. G. T. Post of Newport, R. I. Inasmuch as we have used it for 
so short a time and in a few cases only, we shall not report results until 
after further observation. 


STATISTICS 


In compiling our statistics, we have adopted the following temporary 
classification for our results of treatment: 
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Tuberculosis of bones and joints 


Apparently recovered. Cases in which all symptoms such as pain, fever, 
etc., have disappeared, and all sinuses and ulcers have healed. The 
patient must have been up walking about with no return of symptoms or 
signs for at least six months. 

Arrested. Cases in which all symptoms such as pain, fever, etc., 
have disappeared, and all sinuses and ulcers show no activity or have 
healed. The patient may be up and walking about, or may still be in 
bed. 

Improved. Cases in which all symptoms and signs show evidence of 
improvement. 


Peritonitis 


Apparently recovered. Cases in which all symptoms such as pain, 
fever, etc., have disappeared, and all fluid in the peritoneal cavity has 
been absorbed and palpable masses in abdomen have been reduced. 
All sinuses and fistulas must be healed. The patient must be up and 
walking about at least three months without evidence of return of symp- 
toms or signs. 

Arrested. Cases in which all symptoms such as pain, fever, etc., have 
disappeared, and all fluid has been absorbed. Sinuses and fistulas must 
either be healed or show no signs of activity. 

Improved. Cases in which all symptoms and signs show evidence of 
improvement. 


Cervical adenttis 


Apparently recovered. Cases in which all symptoms such as fever, 
etc., have disappeared, and all abscesses and ulcers have healed. The 
lymph glands must be unpalpable or reduced to nodelike enlargements. 
This condition is to have existed without any return of symptoms or 
signs for at least three months. 

Arrested. Cases in which all symptoms have disappeared, and all 
abscesses and ulcers show no evidence of activity or have healed, and 
the glands have been reduced, but not necessarily to nodelike enlarge- 
ments. 

Improved. Cases in which all symptoms and signs show evidence of 
improvement. 
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Tuberculosis of the kidneys 


Apparently recovered. Cases in which all symptoms such as fever, 
pain, etc., have disappeared and the periods of urination have become 
normal or their frequency has diminished. The urine findings must be 
negative both by microscopic examination and by animal inoculation. 
Cystoscopic examination must show healed lesions, if tuberculous cysti- 
tis was present. This condition must have existed for at least six months. 

Arrested. Cases in which all symptoms such as fever, etc., have dis- 
appeared, and frequent and painful urination has abated. Urine find- 
ings may be positive or negative. 

Improved. Cases in which all symptoms and signs show evidence of 
improvement. 


Tuberculous epididymitis 


Apparently recovered. Cases in which all symptoms such as pain, 
fever, etc., have disappeared, and all enlargement and hardening of epi- 
didymis and spermatic cord have been reduced, and sinuses and ulcers 
have healed. This condition must have existed for at least three months. 

Arrested. Cases in which all symptoms have disappeared, and all 
sinuses and ulcers show no activity or are healed. The enlargement 
and hardening of the epididymis.and spermatic cord must be diminished. 

Improved. Cases in which all symptoms and signs show evidence of 
improvement. 


Up to January 1, 1920, 508 cases of surgical tuberculosis were dis- 
charged from our hospital. Four hundred and twenty-seven of these 
remained three months or longer; 13 of them were found to be nontu- 
berculous, thus leaving 414 to be considered in showing the results of 
treatment. 

About 50 per cent of the 414 presented, upon entrance, sinuses or ab- 
scesses and secondary infection. Most of them had been operated upon 
several times because of repeated recurrences of the disease. 

Of these, about 60 per cent showed multiple lesions, and a large pro- 
‘portion of the adults showed definite pulmonary signs. 

The average length of stay for all the surgical cases that remained 
longer than 3 months in the hospital was 12.25 months. The length of 
residence in the hospital has a very definite bearing upon the results of 
treatment; and the majority of the cases in this report who were dis- 
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charged other than apparently cured or arrested left, not because they 
were not improving, but because they or their families became too 
impatient. 

Although the time required for a cure by heliotherapy is long, never- 
theless the results are generally permanent. So far as we have been able 
to ascertain, there have been but four recurrences of the disease in cases 
that we have discharged as apparently recovered or arrested. Three 
were joint cases and one a gland case. ‘The recurrence in the three joint 
cases followed injury. 

Our best and quickest results have been in the closed cases without 
abscess. When abscess has been present, it has greatly prolonged the 
treatment, and in those with sinus and secondary infection the progress 
has been still more retarded. 


REMARKS UPON THE TABLE OF RESULTS 


Adenitis. The improved and unimproved cases remained at the hos- 
pital less than six months, a time really not sufficient to secure results. 
The case reported as dead died of causes other than tuberculosis. 


Peritonstis. Of the cases reported unimproved, one had advanced 
pulmonary tuberculosis with amyloid changes, had been operated upon 
before admission, and had an extensive fecal fistula; two had general 
miliary tuberculosis. 

Too much cannot be said for the use of heliotherapy in tuberculous 
peritonitis. ‘The general improvement of the patient from week to week 
is most noticeable. Operated cases with recurrence of the disease and 
unoperated cases respond readily to the treatment. 

Spine. One of the improved, although all symptoms and signs had 
disappeared, did not remain long enough to classify as recovered or 
arrested, but is ow perfectly well and has remained so for two years. 

Of the unimproved three remained in the hospital only a short time. 
One was a very old case of more than twenty years standing, had multiple 
lesions and had been operated on many times. The rest were progressive 
cases with multiple lesions and extensive lung involvement, and in four 
amyloid changes were present. 

The two cases that died were doing very nicely before they contracted 
influenza during the 1918 epidemic, which caused their death. 

A large proportion of our cases of Pott’s disease had psoas abscesses 
and had had long periods of treatment in other hospitals before admis- 
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sion to the J. N. Adam Memorial Hospital. All of them showed signs 
of pulmonary tuberculosis. 

Hip. Of the cases reported, 21 or 58.3 per cent had other tuberculous 
lesions, such as kidney, lungs, glands, peritoneum, etc.; 17 or 47.2 per 
cent had pulmonary tuberculosis, two of which had a positive sputum; 
and 18 or 50 per cent had abscesses with secondary infection and pro- 
fusely draining sinuses. We obtained good motion in‘ 12 or 40 per cent 
of the recovered or arrested cases, and a partial motion in 8 or 26.7 per 
cent, making a total of 67 per cent of cases of hip joint tuberculosis, dis- 
charged as apparently recovered or arrested, which had serviceable 
motion. 

Knee. Of the 18 cases of tuberculosis of the knee, 12 had lesions other 
than in the knee; and 9 had pulmonary tuberculosis, two of which had 
a positive sputum. Of those who were discharged as apparently cured 
or arrested 10 or 83 per cent had serviceable motion. 

Ankle. All of these cases showed other lesions than those of the ankle 
or foot. Eight or 72:7 per cent had sinuses or secondary infection and 
had been operated on before admission to the hospital; 5 had a pulmo- 
nary lesion. All but one of those discharged as apparently recovered or 
arrested had full or partial motion. This one had the ankle fixed from 
a previous operation. : 

The two cases discharged as improved remained with us only a short 
time. 

Shoulder. ‘Two or 67 per cent of these cases had sinuses and secondary 
infection. All showed pulmonary tuberculosis; two had a positive 
sputum. 

Elbow. Of the 6 cases of tuberculosis of the elbow, 3 were closed and 
3 open. Five or 83.3 per cent had other lesions than the elbow, and 3 or 
50 per cent had pulmonary tuberculosis with positive sputum. Those 
with open lesions and secondary infection had great destruction of the 
joint and were all fixed. Two of them with closed lesions were well 
fixed before admission, and there was no more motion upon their dis- 
charge. In one there was full motion. 

Wrist and Hand. The 10 cases of tuberculosis of the wrist and hand 
had sinuses and secondary infection. Two had pulmonary tuberculosis. 
All were completely healed and had: good motion. 

Kidney. Four of these had one kidney removed with resultant pro- 
fusely discharging sinuses. 
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Eleven on discharge showed absence of tubercle bacilli in urine, a 
diminution of pus and blood and relief of pain, and.cystitis, Three 
still showed the presence of tubercle bacilli, but all other symptoms had 
improved. All but one, a child, had pulmonary tuberculosis. 

Eye. Three of these were complicated with pulmonary tuberculosis, 
and 4 with tuberculous adenitis. 

Osteomyelitis. ‘The lesions in these were localized as follows: 1 in the 
humerus, ulna and radius; 3 in the tibia; 1 in the femur; 1 in the ilium; 
4 in the jaw; and 2 in the ribs. 

All had sinuses and secondary infection. Many had multiple lesions. 
Seven had pulmonary tuberculosis, 2 of which had a positive sputum. 

Sternum. Both had pulmonary tuberculosis. 

Sacrotliac Joint. Both had pulmonary tuberculosis. 

Lupus. Neither of these cases responded to our satisfaction. 


The question has been brought up several times as to whether we 
should not get less deformity than we do. As has been previously men- 
tioned, a large percentage of our bone and joint cases were open cases of 
long standing, with multiple lesions and secondary infection, and had 
been operated upon several times. They were cases that had been under 
treatment for years and had taxed the skill of the orthopedists and sur- 
geons. If we could not correct the deformity, we at least got healing or 
improvement of the lesions, something that seemed impossible of ac- 
complishing at home where the condition was becoming worse instead of 
better. We have had but 6.7 per cent of these unfavorable cases that 
did not respond to treatment, which is a very small percentage. We 
must not think that heliotherapy will restore joints or motion where 
there is none, nor that it will cure all cases, but it will certainly do more 
for so called surgical tuberculosis than any other treatment. 
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TUBERCULOUS PERITONITIS 
No, 2412 


On admission On discharge 
May, 1919 April, 1920 


TUBERCULOUS PERITONITIS 
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TUBERCULOUS PERITONITIS 
CasE No. 1978 


On admission On discharge 
April, 1918 August, 1919 


TUBERCULOsIS OF Ricut Hip 
Case No. 902 


On admission On discharge 
August, 1915 January, 1917 
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TUBERCULOSIS OF BotH Hips 
CasE No. 832 

On discharge 

April; 1920 


On admission 
May, 1915 


TUBERCULOSIS OF Hip 
CAsE No. 2295 

On discharge 

August, 1919 


On admission 
January, 1917 
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TUBERCULOSIS OF 
RIGHT KNEE 
CasE No. 1283 


On admission On discharge 
June, 1916 November, 1918 


TUBERCULOSIS OF SPINE 
CasE No. 2319 


On admission One year later 
March, 1919 
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On admission, January, 1917 : In March, 1920 


CasE No. 1846. TuBERcULOsIS OF Foot AND ANKLE 


TUBERCULOUS DACTYLITIS 
CasE No. 2078 


On admission On discharge 
June, 1918 December, 1919 
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On admission, May, 1919 Ten months later 


Case No. 2414. TuBERCULOsIS OF WriIsT AND HAND 
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THE COSTS OF TUBERCULOSIS! 


LOUIS I. DUBLIN anp JESSAMINE WHITNEY 


New York 


This paper is the result of studies made by the Metropolitan Life 
Insurance Company and the National Tuberculosis Association in order 
to shed additional light on the question of the economic cost of tubercu- 
losis. Such investigation is a necessary part of the national antitubercu- 
losis campaign. Public health work, as now practised, is often expensive. 
In the effort to obtain the necessary appropriations with which to carry 
on their work, health officers are learning to utilize figures showing the 
economic loss sustained by preventable sickness and premature death in 
their respective communities. Facts of this kind carry much weight 
with hardheaded municipal authorities. Altogether, the program of 
health work is by this means put on a much safer footing. Such figures 
indicate the relative value of the several types of life conservation work 
when there is competition between them for public attention. Further- 
more, they make it possible to show the character of the returns on the 
investment when work has been carried on for some time. The health 
officer who approaches his work from the point of view of the economic 
factors involved is more likely to keep his feet on the ground and to 
give a better accounting of his activities. 

The first step in our method has consisted in preparing a series of life 
tables. These show, on the one hand, the life expectation including all 
deaths and, on the other, the expectation with tuberculosis excluded. 
The differences between the life expectation shown in these pairs of 
tables thus indicate the average number of years of life lost to each indi- 
vidual in a community because of the presence of tuberculosis; and con- 
versely, the average number of years that would be added to the life 
span if we lived in an ideal community in which deaths from tuberculosis 
did not occur, and if other causes of death continued at prevailing rates. 
The method is not a new one. Professor Glover at the International 


1 This paper has also appeared in Quarterly Publications of the American Statistical Asso- 
ciation, December, 1920, to which are referred all readers who may be interested in a state- 
ment and description of the mathematical methods involved. 
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Congress on Tuberculosis held in Washington in 1908 made such a 
presentation (1), but based it on the male population of the registration 
states for the year 1900. Our purpose has been to extend these obser- 
vations to a later date and to include for comparison a group of insured 
persons among whom a fairly intensive campaign against tuberculosis 
had been made. Our material is accordingly based upon the experience 
of the millions of insured wage earners in the Industrial Department 
of the Metropolitan Life Insurance Company for a period of six years, 
1911-1916, and upon the facts for the total population of the registra- 
tion states as constituted in 1910. This area comprised 21 states and 
a little over half the population of the entire country. In the insurance 
experience it was possible to make distinction between the color and sex 
of the policyholders. In the general population this could not be done 
and it was necessary, therefore, to limit the study to the population as a 
whole without finer distinction. The two sets of findings serve as 
supplements to each other and, as we shall see, confirm in the main 
the accuracy of the methods employed and of the results obtained. 

Table 1 shows for each fifth year of age, beginning with age 0 for 
the group of wage earners and with age 20 for the general population, 
the average after-lifetime, both when tuberculosis is present and when 
it has been completely eliminated as a cause of death. 

The loss of expectation of life due to tuberculosis is the difference 
between the corresponding figures in table 1 at each age and is shown in 
table 2. 

The importance of the disease is indicated by the extent to which it 
shortens the average span of human life. Among insured wage earners 
tuberculosis is a very powerful antilongevity force. White males lose 
3.5 years in all, or 7.6 per cent of their entire expectancy; white females, 
2.6 years or 5 per cent of their expectancy. The heaviest losses occur 
among the colored people. Colored males and females lose an average 
of about 5 years of life because of the inroads of this disease, or 12.0 and 
13.2 per cent, respectively. On the whole, males lose more heavily than 
females from tuberculosis. The slightly greater loss among colored 
females at age 0 is due to the high tuberculosis death rates prevalent 
among them under age 5; later in life the colored males show much greater 
losses than do colored females: 

There is a gradual decrease with advancing age in the number of 
years of life lost on account of tuberculosis. .Thus at age 20, when 
productive life is well started for most people, tuberculosis reduces the 
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expectancy 3.7 years among white males, 2.3 years among white females, 
4.4 years among colored males, and 3.7 years among colored females, 
At age 40, the years lost are from one-third to one-half as many as at age 
20, and at age 60 and thereafter the losses cease to have an important 
effect upon longevity although the death rates from tuberculosis continue 
to be high, even at these advanced ages. 


TABLE 1 


Average after-lifetime of specified populations, with and without tuberculosis—all forms. By 
color and by sex for insured wage earners, 1911-1916, and for total population of 
registration states, 1910 i 


METROPOLITAN LIFE INSURANCE COMPANY, INDUSTRIAL 
POLICYHOLDERS, 1911-1916 


POPULATION, REGIS- 
White Colored TRATION STATES, 1910 


Males Females Males Females 


Tuber- | Tuber- | Tuber-| Tuber- | Tuber- | Tuber- | Tuber- | Tuber-| Tuber- 
culosis | culosis | culosis | culosis | culosis | culosis | culosis | culosis| culosis 
present | absent | present | absent | present} absent | present} absent | present 


46.0 | 49.5 | 51.8 | 54.4 | 37.2 | 42.2 | 38.6 | 43.7 
50.3 | 54.1 | 55.2 | 58,0 | 45.0 | 50.6 | 46.1 | 51.6 
46.1 | 50.0 | 51.1 | 53.8 | 41.1 | 46.5 | 42.4 | 47.7 
41.7 | 45.5 | 46.7 | 49.3 | 37.1 | 42.2 | 38.6 | 43.3 
37.4 | 41.1 | 42.5 | 44.8 | 33.8 | 38.2 | 35.7 | 39.4 
33.5 | 36.8 | 38.5 | 40.4 | 30:8 | 34.4 | 32.9 | 35.5 
29.8 | 32.6 | 34.7 | 36.1 | 27.7 | 30.6 | 29.8 | 31.7 
31.0 | 32.0 | 24.9 | 27.1 | 26.7 | 28.0 
28.0 | 21.9 | 23.6 | 23.6 | 24.5 
24.0 | 19.1 | 20.3 | 20.6 | 21.2 
20.3 | 16.4 | 17.2 | 17.7 | 18.1 
16.7 | 13.8 | 14.4 | 14.9 | 15.2 
13.5 | 11.4 | 11.8 | 12.3 | 12.5 
10.7 10:1 | 10.2 
8.1 


* Data not computed. 


The loss in years of life is obviously greater among insured wage 
earners than among the general population because tuberculosis death 
rates are uniformly higher among the industrial groups. But even in 
the general population the loss in years is 2.4 at age 20, 1 at age 40, 
and 0.3 of a year at age 60. 


i | Tuber- 
culosis 
absent 
5 * * 
10 * * 
15 ok 
id 20 44.2 | 46.6 
25 40.3 42.3 
30 36.5 38.1 
35 32.7 33.9 
fe 40 28.9 29.9 
ta 45 25.2 26.0 
ts 50 21.6 | 22.1 
55 18.1 18.5 
: 60 14.9 15.2 
65 11.9 12.1 
70 9.4 9.5 
. 85 3.6| 3.6] 4.0] 4.0] 4.5] 4.5] 4.5] 4.5 4.0 4.0 
90 291 2.9) 3.0) 341.401 20! 444 434 2.9 2.9 
95 2.4| 2.4 | 1.9 1.9 | 
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The extent of the damage from tuberculosis appears to be closely 
associated with the life expectancy of the population in question whether 
we consider tuberculosis as a factor in mortality or entirely eliminate it. 
The loss from tuberculosis is high where longevity is low and is low 
where longevity is high (see table3). Thus at age 0, tuberculosis decreases 
the span of life 3.5 years for insured white males, but only 2.6 years among 
the longer lived white females, and about 5 years among the much shorter 
lived colored policyholders. The coefficient of correlation between 


TABLE 2 


Loss in years of average after-lifetime due to tuberculosis—all forms 


METROPOLITAN LIFE INSURANCE COMPANY, INDUSTRIAL 
POLICYHOLDERS, 1911-1916 


POPULATION, REGIS- 


White Colored TRATION STATES, 1910 


Females 


= 
n 


Females 


wn 
bo 
n 


* 
* 
* 
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* Data not computed. 


longevity and the loss of longevity due to tuberculosis, based upon one 
hundred observations among insured wage earners, is 0.791+0.076. 
This suggests that the conditions of constitution and environment 
which determine the mortality from tuberculosis also in a measure 
determine the death rates from other important causes. Another possi- 
bility which must be considered is that the amount of mortality from 
tuberculosis may be determined by the prevalence of certain diseases 
which like typhoid fever, malaria, hookworm, and syphilis, undermine 
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resistance; and that, conversely, tuberculosis, when prevalent, helps to 
impair physical vigor and thus increases the death rate from the so called 
“degenerative diseases,” such as heart disease, Bright’s disease, and ar- 
teriosclerosis. All three factors are probably at work in different degrees 
in different communities. ‘Tuberculosis does not stand isolated but is 
closely bound up with environmental conditions on the one end and con- 
stitutional factors on the other, being determined by and determining 
the rate of loss from other diseases. This question is being attacked by 
means of a study of the losses of longevity from other important causes 
and will be reported upon at a later date. 


TABLE 3 


Table for 100 observations* among insured wage earners, 1911-1916, of the Metropolitan Life 
Insurance Company, showing correlation between longevity and loss in longevity from 
tuberculosis 


Longevity 
Totals 


Low High 


a b a+b 
43.5 7 50.5 


c c+d 
15:5 34 49.5 


a+c b+d N 
59 41 100 


4 


4 


Totals 


*The 100 observations consisted of 25 random ages for the series White Male, White 
Female, Colored Male, and Colored Female. The dividing lines between high and low 
for any series were furnished by the average longevity and the average loss in longevity 
from tuberculosis respectively, for that particular series. 


Our next step was to express the losses in expectation described above 
in terms of estimated money losses. The importance of tuberculosis as 
a factor in national economy is in this way brought home more sharply. 
After an examination of the available data on wealth, income, and pro- 
duction in the United States, we concluded that a loss of one year of life 
was equivalent to a money loss of not less than $100 in national wealth. 
This conclusion was submitted to a group of economists who have busied 
themselves with such questions and they confirmed this estimate as in 
accordance with the best data available. We may say, therefore, that 
each year of life expectancy lost from tuberculosis by the population of 
the United States represents a loss of $100 in national wealth. In view 
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of the fact that tuberculosis mortality cuts approximately two and one- 
half years from the complete life expectation of every individual under 
present mortality conditions, the loss per person is at least $250. This, 
in a population of approximately one hundred and six millions, repre- 
sents a loss of twenty-six and a half billions of dollars. The present gen- 
eration would add that much more net wealth if tuberculosis were not a 
factor in mortality. Since the average lifetime is approximately fifty 
years in the United States, this loss means an annual charge in excess of 
five hundred million dollars from the curtailed longevity of individuals 
because of tuberculosis. 

No consideration has as yet been given to the very large additional 
losses which result from the long periods of sickness due to tuberculosis. 
The losses from disability for work, the cost of medical, nursing, and 
extra dietary and other care, add very materially to the figures quoted 
above. It is not possible for us at this time to offer even an estimate 
of this loss. The amount is enormous. One of us in a study of the 
records of the Association for Improving the Condition of the Poor . 
(New York City), which has for a number of years conducted intensive 
relief measures for the care of tuberculous families, found that a tuber- 
culous family was under care, on the average, for a period of two years, 
four and one-half months, and that during this time the families suffered 
a wage loss of $836 and the Association contributed $1,181 in relief and 
care. These data are not sufficient in themselves to determine the com- 
munity loss in tuberculous families, but they suggest how much the 
items will be when more extensive and more detailed information becomes 
available. 

Our study has shown the important part that tuberculosis plays as 
a factor in modern economic life. The amount of damage done is great 
enough to justify large expenditures for the control of tuberculosis as a 
cause of sickness and death. The tuberculosis death rate has declined 
and is still declining. Among industrial policyholders of the Metropoli- 
tan Life Insurance Company the death rate has im recent years been 
reduced very rapidly. In this organization special efforts have been 
made to instruct the great body of policyholders in methods of prevent- 
ing and combating the disease, apparently with good results. The death 
rate from tuberculosis of the lungs in the entire experience has declined 
30.3 per cent between 1911 and 1919. During 1920, to date, the experi- 
ence is reaching low figures previously thought to be unattainable. In 
fact, the tuberculosis death rate of insured wage earners is now almost 
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as low as in the general population, although ten years ago there was an 
excess of 41 per cent in the death rate among these people as compared 
with that of the general population. In view of the complexity of the 
problem it is not possible to measure with any exactness the direct rela- 
tion between the various efforts expended and the results obtained by 
the antituberculosis campaign. Yet the results are indicative that the 
work has borne fruit. These achievements clearly call for a continu- 
ance of the antituberculosis program along the lines now being followed. 


REFERENCE 


(1) Grover, J. W.: Monetary loss in the United States due to tuberculosis. Proceedings 
Sixth International Congress on Tuberculosis, 1908, p. 55. 
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THE REASON AND REMEDY FOR MISSING THE EARLY 
TUBERCULOUS LESION 


HENRY F. STOLL 
Hartford, Connecticut 


While it is probably true that pulmonary tuberculosis is as a rule 
diagnosed earlier than a few years ago, the cases that are unrecognized 
till the disease is well advanced are still very numerous. Is it not strange 
that the disease, concerning whose symptomatology and physical signs so 
much has been written, should still prove a stumbling-block to so many. 
We know that occasionally the disease advances so slowly, almost hand in 
hand with immunity, that the amount of involvement is considerable 
before any symptoms are manifest. Such cases were occasionally picked 
up by the tuberculosis boards in the army; they are however uncommon. 

We frequently hear it said and with some truth that the patient is to 
blame for not seeking medical advice till long after symptoms became 
manifest. In a small group of cases studied several years ago, I found 
that the average delay in consulting a physician after the development 
of symptoms was nearly six months. But in many instances a meagre 
history is taken and no examination made at the first consultation. In 
fact, it is not uncommon to meet with patients who consulted several 
physicians before being examined. There is, however, another reason 
for missing the early cases, more important, I believe, that those already 
mentioned. During the world war, as instructor in the diagnosis of tu- 
berculosis at the Medical Officers’ Training Camp at Fort Benjamin 
Harrison and later at the Army Medical School in Washington, I had 
the opportunity of observing the ability of the average physician in 
general practice to diagnose early tuberculosis. My impressions are 
based upon an intensive course of instruction given to about three hun- 
dred physicians, who coming as they did from all parts of the country 
can be considered as fairly representative of the profession at large. I 
am speaking now of the man with average ability who has not made a 
special study of tuberculosis. My first impression was that he is very 
apt to miss the early lesion, not as a rule through any lack of honest 
endeavor on his part but because he does not know what signs to look 
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for, or how best to elicit them. He is apt to believe that dulness is present 
with tuberculosis, but how to percuss and how to evaluate dulness if 
detected, he is quite at a loss. The valuable information furnished by 
inspection is rarely sought for and the procedures used to elicit rales and 
their differentiation from various adventitious sounds are quite unknown. 
One is forced to conclude that the instruction in this subject given in 
the medical schools has hitherto been inadequate. Several times it 
seemed that even recent graduates of class A schools were quite unfa- 
miliar with the signs of the normal chest and unless the normal be mas- 
tered how can the pathological be recognized? Secondly, I was impressed 
with the enthusiasm with which they set about the work. The doctor in 
general practice has little time to make a special study of any particular 
branch of medicine; accordingly the various postgraduate courses in 
the army were very popular. Thirdly, I was a good deal surprised to 
see that a considerable degree of diagnostic skill could frequently be 
acquired in so short a time. I recall two men especially. One had done 
only surgery for about fifteen years and acknowledged that he knew 
nothing about tuberculosis; the other was an obstetrician. Yet fate 
decreed that they should help free our army from tuberculosis. Both 
developed a high degree of skill not only in the detection of physical signs 
but in their proper interpretation. 

If then it be true that the basic reason for the failure to recognize 
tuberculosis is the lack of knowledge as to how to elicit physical signs, 
what is the remedy? If this information could be disseminated by 
medical journals or text books each and every doctor would be an expert, 
so numerous have been the articles on early diagnosis during late years. 
Postgraduate courses are essential. The three thousand men who re- 
ceived the instruction in the army will do more to further the early 
diagnosis of tuberculosis than anything that has hitherto been done. 
In fact, Colonel George E. Bushnell’s idea of teaching physical diagnosis 
was one of the big medical ideas of the war. For several years an excel- 
lent course in the diagnosis and treatment of tuberculosis has been given 
at the Trudeau School of Tuberculosis at Saranac Lake. The United 
States Public Health Service has recently been giving intensive courses 
in the diagnosis of tuberculosis in a number of the Western and Southern 
States. The course which lasts seven days has so far been only available 
to physicians attached to the Public Health Service but they hope shortly 
to give the courses for all who may wish to attend. © 
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Similar courses could be given at some of the large state institu- 
tions throughout the country and would undoubtedly prove popular 
as was demonstrated this past summer in Maine. Following a sug- 
gestion made a year ago, by Dr. Edward O. Otis, a short intensive 
course was given at the Central Maine Sanatorium in Fairfield and 
sixty-six physicians registered, a large number for the first year. 
Practically all expressed a desire to return the following year. Of 
course, no one would for a moment imply that one week’s intensive in- 
struction in any medical or surgical subject would make a thoroughly 
qualified specialist;—the fine points in differential diagnosis can only 
be acquired by years of experience. But it is possible in a short time to 
show how to correctly examine the lungs, to touch upon some of the more 
important points in differential diagnosis and to impress the need of 
repeated sputum examinations. Most important of all perhaps is the 
awakening of an interest in the subject and the stimulus given for further 
study. 

As an aid to what might be termed the orthodox methods of instruc- 
tion mention should be made of the use of motion pictures. During the 
late war when it was necessary to teach wholly inexperienced men highly 
technical subjects in a short space of time, the motion picture was in- 
valuable. Standard methods of instruction were carefully worked out 
and filmed and by the use of animated drawings, the workings of intri- 
cate machinery were at once understood by the merest tyro. We have 
all laughed at Mutt and Jeff at the movies but not many know that 
during the war several of the best known of the animated cartoonists 
were busily engaged in Washington making animated drawings for the 
Surgeon General, illustrating various medical and surgical subjects. 

In order to make the course in the diagnosis of tuberculosis available 
to those not in the service, an attempt was made to put it upon the 
screen.. Since we were absolutely unfamiliar with everything pertaining 
to motion pictures and actively engaged in hospital work at the time 
this was undertaken, there is much to criticize in the finished product. 
Yet, imperfect as it is, from the criticism it has received I feel that 
it has demonstrated that this means of instruction is of some value in the 
teaching of physical diagnosis and we may look forward to the not too 
distant future when much better pictures will be produced dealing with 
a great variety of medical and surgical subjects. 

It seems that the overcrowding of the curriculum of the medical 
schools might be lessened if motion pictures were used as an aid to 
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other forms of instruction. It was found at West Point, for instance, 
that by the use of animated drawings a certain course could be fully 
covered in fifteen minutes that previously required twenty-four lectures 
of one hour each. Another advantage of this method of teaching is the 
fact that one will sit for a considerable time and look at a picture dealing 
with a subject that he would not spend five minutes in reading about. 
Obviously the greatest advantage is that it takes the clinic to the doctor 
who is too busy to go to the clinic. 


CONCLUSIONS 


1. The chief reason for the failure to recognize early tuberculosis is 
not so much ignorance as to what the signs are, as the lack of knowledge 
of how to elicit them. 

2. The establishment of short, intensive courses of instruction in 
diagnosis at the state tuberculosis sanatoria throughout the country is 
much to be desired. 

3. The motion picture appears to be of some value in teaching physical 
diagnosis, 
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STUDIES ON TUBERCULOUS INFECTION 
VIII. SPONTANEOUS PNEUMOKONIOSIS IN THE GUINEA PIG 


HENRY STUART WILLIS 


From the Kenneth Dows Tuberculosis Research Fund, of the Medical Clinic of the Johns Hopkins 
Hospital and University 


INTRODUCTION 


It is now almost five years since this series of studies on tuberculous 
infection was planned. Originally projected to elucidate, eventually, 
well known phenomena of localization and progression of human tuber- 
cle, it proceeded from basic results of experimental infection which had 
long been recognized. 

In the rabbit, for instance, infection always tends to pile up in the 
lungs; in the guinea pig, however, the lungs accumulate relatively little 
lesion until late in the course of infection or unless very large numbers of 
bacilli are applied directly to the lung (by inhalation or intravenous 
inoculation). On the other hand, the spleen of the guinea pig seems 
peculiarly ‘‘susceptible;” that of the rabbit relatively escapes infection. 
In the guinea pig with little intrapulmonary tubercle, infection of the 
tracheobronchial nodes which drain the lung is prominent (study VI by 
Krause) while the rabbit with massive infection in the lungs is prone to 
show but little in these nodes. 

Thus far in the studies it has been found that, as between the lung 
of the guinea pig and that of the rabbit, the normal structure varies in 
so fundamental a way as to be decisive in determining differences of 
haemotogenous distribution to this organ in the two animals (study IV 
by Miller and study V by Willis). And data thus far accumulated sug- 
gest the generalization that the origin and development of tuberculous 
infection in the guinea pig are peculiarly influenced by the lymphatic 
anatomy of the several organs of its body (study VI). 

An important part of the plan of these studies must be to attempt to 
influence and change what might be called the normal or natural local- 
ization of infection by altering the lymphatic system of animals of 
experiment. Doctor Willis has undertaken this investigation, using 
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various inorganic dusts as his experimental media. But before present- 
ing the results of this work, and by way of laying the foundation for it, 
he has exhaustively investigated the pulmonary localization of inert 
foreign particles in guinea pigs which have naturally and without experi- 
‘mental interference acquired spontaneous anthracosis by reason of long 
confinement indoors. The advantages of such a study are plain and 
it is to be hoped that it may throw light upon some features of experi- 
mental anthracosis which have remained obscure because of technical 


obstacles. 


ALLEN K. KRAUSE. 


The studies of Mall on the liver and intestine and those of Miller on 
the lung are prominent among anatomical productions which have 
reémphasized the importance of the relation between normal structure 
and pathological lesion. Recent studies on tuberculous infection 
from the Kenneth Dows Tuberculosis Research Fund (1) have shown 
directly the intimate relationship existing between the normal lymphatic 
system of the lung and tuberculous infection of that organ in the guinea 
pig. It has been pointed out that, once the invading microérganism 
passes the respiratory mucosa or the vascular endothelium, it is brought 
into the domain of the lymphatics. There is great probability that the 
first tissue to be involved in tuberculous reaction (anatomical) of the 
lungs is the lymphoid tissue! and it may be ventured that the depend- 
ence upon the lymphoid system of initial pulmonary tuberculous proc- 
esses is established. It becomes obvious then that conditions influencing 
the lymphatic system of the lung will likewise influence to a greater or 
less extent the degree and course of tuberculous infection involving these 
tissues. ; 
In an effort to understand more exactly what is the réle of the lym- 
phatic system in tuberculous infection of the lung, we have undertaken 
to modify the normal structure and physiology of the pulmonary lymph 
apparatus by subjecting experimental animals to the inhalation of dust. 
The effort has been carried out with two purposes in mind, namely, 
(1) to determine the effect of prolonged dust inhalation on lung tissue, 
especially the effect on the lymphatic system; and (2), having rendered 


1 This refers to the lymphoid tissue as sites of focalization, and not to lymphatic cells as 
such. 
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the lung abnormal by the inhalations, to ascertain the influence of its 
altered anatomy upon infection with the tubercle bacillus. 

Dust was the medium chosen for three reasons: first, because a priori 
there is reason to believe that with dust the lymphatics might fairly 
easily be ‘“‘plugged;” secondly, because the lymphatic tissue, under the 
irritant influence of dust, undergoes proliferation and thus probably 
sets up changes (resistance to flow) in lymph physiology; and thirdly, 
because it has long been maintained that among workers in certain 
dusts the morbidity and mortality rate from tuberculosis is excessively 
high. 

Before the experiment had passed the preliminary stages, a wide 
variance in results appeared. By this time, too, the writer had found 
numerous discrepancies reported in the literature, and Doctor Krause 
suggested that a knowledge of what happens to dust breathed by normal 
animals under natural conditions might greatly facilitate an interpreta- 
tion of the moderate or advanced pathological picture produced under 
the conditions of experiment. Attention was consequently directed to 
the condition of the lungs of fifteen normal guinea pigs all of which 
had been confined indoors for two years or more; and the work to be 
presented first, therefore, is a report of a study of spontaneously acquired 
dust in the lungs of normal, caged guinea pigs. That dust accumulates 
spontaneously in the lungs of guinea pigs which have lived long in con- 
finement must have been observed by many workers who have had 
occasion to keep animals for fairly long periods; for, after a cage 
life of a year or longer, the lungs of guinea pigs always show gross dis- 
coloration. The treatment of the experimental data to be presented on 
pneumokoniosis and tuberculosis will appear later. 


No consideration of the findings in spontaneously dusted lungs can be 
properly taken up until we have discussed in some detail the whole sub- 
ject of dust and the lung. 

Since the middle of the eighteenth century when autopsies were first 
performed with any sort of regularity, discoloration has been observed 
in the lungs of certain human individuals, particularly in those of adults 
who were city dwellers. Pearson (2), in 1813, stated that he had 
extracted a black powder from the bronchial nodes and from the lungs, 
and that he had established its identity in every case with that of char- 
coal. He observed that the pigment was laid down in an orderly 
manner and believed, from a comparison of his specimens with Cruik- 
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shank’s drawings of the pulmonary lymphatics (3), that the charcoal 
was laid down along the lymphatic vessels. He remarked, ‘‘as hath 
been repeatedly observed, the lungs generally become more dark coloured 
proportionately to their age;’’ and he advanced the idea that dust 
reaches the lungs with the inspired air and is transported by lymphatics 
from the air spaces to the bronchial nodes. 

The idea was prevalent at the time that Pearson wrote and later, that 
lung discoloration represented different maladies which fell into three 
main groups and were classified as (1) healthy black matter, (2) true 
melanosis and (3) spurious melanosis. But Craig (4) declared in 1834 
that the inhalation of dust was responsible for all the forms of lung 
black and that the different stages of ‘‘melanosis” represented merely 
varying amounts of charcoal in the lung. Thomas Graham (5) wrote 
also in 1834 and, accepting Pearson’s work, suggested that miners’ lungs 
were black because the miners had inhaled carbon from their oil lamps, 
and explained the lack of symptoms in these cases on a basis of the 
smallness and therefore nonirritating properties of the carbon particles. 
The term anthracosis was suggested in 1838 by Stratton (6) to distin- 
guish the condition from the more malignant melanosis. 

A great deal of experimental work has been done since 1867, when 
Knauff (7) definitely established (by devising the first dust inhalation 
experiment) the relationship between lung pigmentation and dust laden 
air. This worker exposed certain dogs to smoke and others to an air 
suspension of ultramarine blue for varying periods of time and subse- 
quently recovered particles of the substances from the lungs of the 
exposed animals. Arnold (8) made what is probably the most complete 
study of experimental pneumokoniosis yet reported. The study was 
published in 1885 and is a detailed account of the whole pathology of 
pneumokoniosis. . In the work he exposed dogs and rabbits to various 
dusts for relatively long periods of time and found accumulations of dist 
in the alveoli and their septa, in the lymph nodes, in islands of lymph 
tissue throughout the lung, and in fibrous tissue nodules which develop 
in the lung in response to the continued presence of irritating dusts. 
In his report comment was made on the fact that dust in the lymphatics 
themselves was noted only very infrequently. 

The position of Pearson and his followers did not go unchallenged, 
however, and numerous able pathologists, especially in Germany, 
stoutly maintained that the inhalation concept did not represent the 
truth. Early the belief was that the bronchial nodes secreted a bluish 
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black substance which was responsible for their discoloration and, in a 
way imperfectly understood, responsible also for the discoloration of 
the lungs. Virchow (9) held in 1847 that lung pigment is derived from 
haemoglobin. After Traube (10) isolated particles of carbon from a 
coal miner’s black lung (1860), Virchow (11) finally admitted (1866) 
the possibility of the inhalation of dust and the further possibility that 
such dust might cause lung discoloration. In the same year Koschlakoff 
(12) had contended that, because he could find little or no pigment in 
the alveoli and their walls when it was constantly present in the walls 
of the larger bronchi, the pigment was formed from within and there- 
fore from the blood. 

But even the Virchow admission did not settle the question for all 
time, for it was again raised in 1905 when Vansteenberghe and Grysez 
(13) sought to support Calmette’s contention. Calmette (14), in study- 
ing tuberculous infection, had maintained that the digestive tract is the 
portal of entry for the tubercle bacillus which produces pulmonary 
tuberculosis. To show that this circuitous route is the normal one for 
foreign matter in the lung, Vansteenberghe and Grysez fed various 
dusts to animals and in this manner claimed to have produced lung 
pigmentation. They noted the significant fact that the age of the 
animal (guinea pig) is important in the study of pigmentation of lung 
tissue. In their experiments they found the lungs of adult animals 
pigmented and those of young animals free from pigment and concluded 
that lung pigment enters the body by way of the digestive tract; in 
young guinea pigs this pigment is prevented from reaching the lungs by 
the relatively impervious mesenteric nodes, whereas, in old pigs, the 
foreign matter is not so held up for the reason that the mesenteric 
nodes become permeable with age. They brought forth this idea as an 
hypothesis without presenting sufficient evidence to support it. But 
the work of Oliver (15), written from extensive clinical and laboratory 
experience, that of Montgomery (16), and that of Findlay (17), each of 
whom did exhaustive pigment feeding experiments, seem definitely to 
establish the air route as the prevailing portal of entry for the dust 
which produces pulmonary pigmentation. 


NATURE OF DUSTS 


Some dusts are injurious; others can apparently be inhaled for years 
with impunity. Explanations of this fact fall in general into a con- 
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sideration of the nature of the “particulate” matter. Organic dusts 
are comparatively harmless (Landis, Oliver, and others). The follow- 
ing properties of the inorganic dusts are said to determine the degree of 
harm they may produce: 

A. Physical properties: 

1. The ‘‘hardness” or ‘‘softness” of the particles, and 
2. Their size and shape 

B. Chemical properties: 

1. The chemical power of the particles as irritants 
2. Their property of absorbing organic substances 
3. Their solubility, and 

4, Their chemical reaction 

With respect to the question of the ‘‘hardness”’ of dusts, Oliver (18) 
has stated that it is wholly the physical character of the dust that is 
important. Soft coal dust, he held, is much less harmful than hard 
coal dust, and that of hard coal much less harmful than that of rock, 
while dusts from silica or from siliceous material are quite injurious. 
He cited in this connection the work of Claisse and Joué (19) who 
exposed animals to smoke from burning turpentine for long periods 
and produced an extensive though delicate pigmentation of the lung; 
but the discoloration, even though extensive, was apparently quite 
harmless to the animals. Mavrogordato (20) compared the effects of 
the inhalation of coal, shale, “flue” dust, precipitated silica, quartz, 
and flint dusts, and found the most damaging results to ensue from the 
harder dusts. Landis (21) remarked that the severity of lung lesions 
varies “‘in accordance with the hardness, sharpness, and chemical com- 
position” of the dust and that silicotic dusts may produce “serious 
damage” to the lungs. 

The researches of Watkins-Pitchford and Moir (22) have also thrown 
much light on the physical character of dusts. Upon studying silicotic 
lungs (from gold miners of South Africa) they found that by far the 
largest numbers of particles of foreign matter in, pigmented lungs are 
smaller than one micron in length, that the mean measurement of 100 
particles taken consecutively and drawn to scale was 6.13 by 2.18 
microns, that no particle was larger than 13 microns, and that the pre- 
vailing form of the particles in such lungs in general is narrow and elongated 
with one or both ends sharp and pointed. They felt that phagocytes 
show a selective action for small and elongated forms. A polariscope 
was used in their work. 
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Concerning the irritating properties of dusts, Mavrogordato (20) 
believed that the dusts which irritate the mucosa promptly upon intro- 
duction into the lung are the very dusts which do the least permanent 
injury. His feeling was that there is an immediate reaction to irritat- 
ing dusts on the part of the respiratory epithelium, marked by an 
engulfing of the foreign elements by the epithelial cells, and that this is 
followed by a desquamation; these shed ‘‘dust cells’ form a bolus to 
which, with mucus, other cells, dust particles and debris attach; these 
“plugs” are then spat up and in this way much of the foreign matter is 
removed before it ever actually reaches the lung parenchyma. The 
rate of elimination, he felt, is as important as the rate of intake. 

Haldane (23) agreed with Mavrogordato (20) that the baneful influ- 
ence of dusts in the lung is determined largely by whether the particles 
are removed from the organ or are retained in it, and, in seeking an 
explanation of this fact, suggested that it is those dusts which readily 
absorb other substances (water, tissue juices, etc.) that are most promptly 
removed from the lungs. Carbon, shale, and other like dusts possess 
this property to a marked degree; and he advanced the idea that these 
particles become increasingly attractive for phagocytes as they continue 
to absorb more substances, whereas, the more crystalline, nonabsorp- 
tive particles—flint, quartz, silicon, etc.—are, in their nakedness, less 
attractive for the dust carrying cells. This idea presupposes that the 
inert dust particles reach areas where absorption of tissue juices is 
possible before phagocytes act upon them. On the other hand, many 
believe that certain dusts, instead of absorbing body fluids, are dissolved 
by these. In his Milroy Lectures in 1915 Collis (24) called attention 
to the possible significance of the acidity of dusts (silicon) which “may 
render the particles capable of entering into and modifying the structure 
of protoplasm.” 


AGENCY OF DUST TRANSPORTATION 


Particulate matter is breathed in with the inspired air and is found in 
many parts of the lung parenchyma. By what means is the transporta- 
tion from air space to tissue effected? The idea has been advanced by 
some (Sikorsky, Klein*) that particles have the capacity of passing 
directly between uninjured epithelial cells. Traube (10) felt that the 
angular nature of the particles enables them to pierce the epithelium, 


2 Quoted from Klotz. 
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and Rindfleisch* thought the impact of the inspired air sufficient to drive 
particles through this structure. 

But most workers oppose the view of penetration of the tissues by 
pigment without the agency of some intermediary carrier and agree 
that the transportation is effected by cellular (phagocytic) activity. 
The nature of the phagocyte, however, has been many times questioned. 
Knauff (7), Wainwright and Nichols (25) and others regarded the 
epithelial cell as a phagocyte, and it was Arnold’s (8) belief that the 
bronchial and alveolar epithelium and “lymphatic wandering cells” are 
all capable of phagocytic activity. Oliver (15) partially agreed with 
Arnold; and, according to him, wandering cells of the pulmonary alveoli 
(originally alveolar epithelium, apparently) may be the dust carriers. 
(He regarded these large phagocytes as probably normal inhabitants of 
the alveolar spaces.) And he believed that the cells acquire their loads 
of dust and leave the alveoli through stomata to gain the lymphatics.‘ 
Klotz (26) held with Haythorn (27) that pigment may be demonstrated 
in a variety of cells but that the phagocyte which commonly engulfs 
dust is an “endothelial leucocyte,” is the same cell referred to in 
pathology as “epithelioid,” and is a fixed tissue cell. Still another 


viewpoint is presented by Mavrogordato (20) who described dust as 
being within “fixed tissue” cells, by which from the context he appar- 
ently meant both reticulum and alveolar epithelium. Watkins-Pitch- 
ford (28) spoke of phagocytes as being “‘catarrhal and leucocytic.” 


REACTION OF THE LYMPHATICS IN THE DUSTED LUNG 


Throughout the literature there is a general though vague agreement 
that dust is “handled” by the lymphatic system—once it gets out of 
the air passage; but much confusion has existed as to exactly what part 
of the lymph system is involved, and what the effects are on that system 
and on the lung. Certain workers (Klotz, Watkins-Pitchford, Oliver) 
believed that the first reaction consists in a proliferation of the cells of 
the fibrous layer of the terminal blood vessels, and, to a lesser extent, of 
that of the small bronchi. These areas, they held, correspond to the 
‘ situations of lymph channels, and in their judgment the reaction is in 
the nature of a perilymphatic induration, in the fibrous tissue of which 


3 Quoted from Klotz. 
4 Miller has shown (The air spaces in the lung of the cat. J. Morph., 1915, xxiv, 459) that 


“stomata” or “pores” are artefacts. 
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new increments of foreign matter become incarcerated: the thickening 
at the same time offers obstruction to the normal lymph flow and ulti- 
mately invades surrounding tissue after the fashion of a malignant 
growth (Watkins-Pitchford). It is only later on in the process, they 
would say, that a fibrosis occurs in the masses of lymphoid tissue, but 
when this does happen the masses ultimately become transformed into 
fibrous (silicotic) nodules. 

On the other hand, Watt, Irvine, Johnson and Steuart (29), in a 
report on miners’ phthisis in the South African mines, said that the 
initial reaction is a fine fibrosis in and around clumps of dust cells which 
are caught up in masses of lymphoid cells along the course of the lym- 
phatics. In this, Landis, Mavrogordato, and others agreed, although 
Mavrogordato believed that the dust cells are present in the lymph 
nodes only transiently, that they ultimately reach the bronchial or other 
nodes near the hilum and from thence work through the fibrous wall of 
the large bronchi, gain the lumen and are eliminated through expecto- 
ration. Johnson (30), who kept white rats in the gold mines of the 
Witwatersrand for more than two years and killed them off at various 
intervals, occupied a middle position and reported that the foreign 
matter is most densely aggregated in the lymph “nodules,” but is also 
always present in the loose connective tissue around the small blood 
vessels and bronchi, particularly just under the pleura. He noted dust 
cells frequently in the lymph sinuses of the bronchial and other nodes, 
and thought a fibrosis to be the essential lesion. This, indeed, is the 
one point on which all authors agree. 


SPONTANEOUS PNEUMOKONIOSIS 


The inference from this survey must be that the whole matter is 
buried in misinterpretation and doubt, and it seems reasonable to expect 
a study of the anatomical and pathological relations of normally acquired 
pigment in animals to clarify some points in connection with the findings 
in clinical and experimental pneumokoniosis. 

Causal relation between natural anatomic changes in the lung and the 
presence of dust has been noted by Miller (31), who called attention to 
differences in anatomic structures in the human lung at different ages. 
He found a strikingly small amount of lymphoid tissue in the lung of 
the infant, more in the child, and a gradual increase with increas- 
ing age. Singularly enough, he found pigment in increasing amounts 
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with increasing amounts of lymphoid tissue, and he concluded that the 
dust particles act as irritants which stimulate the proliferation of such 
tissue. 

In the human lung natural pigmentary deposit develops with age: 
this is also true in the lung of the caged guinea pig, and the gross dis- 
coloration is, in some cases, extreme. Generally, in the oldest pigs, 
the lungs are beautifully pigmented, particularly so in the middle lobes 
in the areas which are most pendant when the animal is in its nor- 
mal posture. The black matter is laid down in wide, irregular lines 
which connect freely with one another to form, more or less imperfectly, 
many four, five and six sided figures. It is also laid down in localized 
spots. Some of these are sharply outlined: others are of poor definition. 
This foreign matter is also spread throughout the entire organ, the color 
of which is generally pale gray instead of a normal pink,—“‘marbied”’ as 
Pearson aptly described it. The color in the bronchial nodes varies a 
. good deal, depending upon the amount of their pigment content; and 
accordingly these structures appear pearly gray, blue, or black. These 
discolored nodes are enlarged, the black ones greatly so. Figure 1 
illustrates the lung of an adult guinea pig with its acquired pigment. 
The pigment here is more dense in the cephalic and middle lobes, and 
the entire organ las a pale, grayish tint. The drawing is of natural 
size and was done in natural color. 

1. Anatomic Considerations. There exists much the same intimate 
relationship between pigment and lymphoid tissue in the lung of the 
guinea pig as has been shown to exist in human and other mammalian 
lungs, and it is germane to consider briefly the normal arrangement of 
this tissue before discussing its content of dust. It has been pointed 
out repeatedly by Miller (32) and others that lymphoid tissue is dis- 
tributed in a characteristic fashion in the mammalian lung. With the 
lung of the guinea pig the situation is of interest because the normal 
lung of this animal (of the size usually used in experimental work) 
contains an uncommonly small amount of lymphoid tissue—an amount 
often so small as to escape notice in a microscopic examination of the tissue. 
In this respect it resembles closely the lung of the infant or the child. 
Despite its paucity of lymph tissue, this lung contains unusually large 
and numerous lymphatics; and lymph drainage should, therefore, be 
freeer than in animals where a greater number of lymph masses would 
tend to obstruct the drainage tubes (lymphatics) or to slow the lymph 
circulation. It has been termed an ‘“‘open” lung. In the matter of 
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lymph anatomy this animal stands in great contrast to certain other 
animals of experiment, notably the rabbit; for the lung of the latter 
contains relatively much more lymphoid tissue and relatively fewer 
and smaller lymphatics and is said to be more comparable to the lung 
of the adult human being. The guinea pig, therefore, lends itself pecul- 
iarly to work of the kind here reported, because one can here note lym- 
phoid changes with comparative ease and certainty. Several of the 


Fic. 1. Luncs From A NORMAL GUINEA Pic Wuicu Hap LIvep A CAGE LIFE FoR More 
THAN Two YEARS 


Ths discoloration is more marked in the pendant portions of the middle lobes and in the 
tracheobronchial nodes which are considerably enlarged. The drawing was done in natural 


color and is of natural size. 


above points and the significance of the pulmonary lymph anatomy and 
physiology have been reémphasized and elaborated lately by the work 
of Krause (33). 

In the lungs of old guinea pigs which have been caged for more than 
a year several unique features are present: First, there is an increase in 
the amount of lymphoid tissue; larger and more numerous masses are seen 
in the normal situations for such tissue. In many instances these masses 
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have acquired definite ‘“nodal’’® characteristics; they are prominent 
along bronchi and blood vessels and occasionally under the pleura. 
Figure 2 shows the relative size of a mass of these cells to the small 
bronchus which it accompanies. Secondly, large deposits of lymph 
tissue, not normally situated, are also present. Cordons of lymphoid 


Fic. 2. A LArcE Mass or LympHom TisSuE REPRESENTED IN ITS RELATION TO THE AIR 
PASSAGE 

Normally there should be but a few cells here. Dust is present especially in the peripheral 
parts of the mass. Br., bronchus; PA, pulmonary artery; LT, lymphoid tissue. X 92. 


cells’ are thrown around the pulmonary artery, especially in its smaller 
branches at and beyond the level of the bronchiolus respiratorius and in 


5 *Nodal” is used simply to indicate the presence of a spherical mass of lymphoid tissue 
without germinal centres. 

6 Tt is probably true that a very few cells are normally present here—so few as to escape 
ordinary observation in single sections—and that these have proliferated under the stimulus 
incident to the presence of dust. 


PA. Backez: 
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particular at dividing points. These masses are irregularly arranged 
and, although in cross section they sometimes appear as.discrete nodules, 
they are in reality irregularly fusiform, elongated lymphoid masses 
which encircle the vessel. It is interesting to note in this connection 
that Irvine and Watt (34) described an irregular periarterial thickening 
as one of the early lesions in pneumokoniosis and remarked that the 
thickenings are not ‘‘nodular” formations. Some idea of the shape and 


Fic. 3. A PHOTOGRAPH OF A MoDEL RECONSTRUCTED FROM SERIAL SECTION DRAWINGS 

The irregular mass of lymphoid tissue follows the branches of the artery for some distance 
both proximal and distal to the point of division. A section from this tissue is shown in 
figure 4. A, pulmonary artery; L, lymphoid tissue. X 40 or 45. 


relative size of these masses may be had by reference to figure 3 which 
is a photograph of a plaster model reconstructed from camera lucida 
drawings of serial sections. The mass of tissue shown here surrounds 
the artery irregularly at one of its points of division. In figure 4 a 
section through the lymphoid formation illustrated in figure 3 is shown 
at a point where it surrounds the artery. In the third place, lymph 
masses not infrequently develop in the lung parenchyma,’ apparently 


7 It is possible too, that normally there are a few cells in these situations. 
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without obvious relation to blood vessel or air tube. These ‘‘nodules” 
appear to have their origin in the tissue back of the alveolar epithelium 
where they may embrace an area as large as three or four alveoli. They 
are seen most often in the apices and near free lung borders and are 
illustrated in figure 5 which is a camera drawing of a section from the 


Fic. 4. A RETOUCHED PHOTOGRAPH OF A Cross SECTION THROUGH THE LympHorD TISSUE 
AND PULMONARY ARTERY SHOWN IN FIGURE 3 
The lymph tissue completely surrounds the vessel and contains a considerable number 
of dust cells. D, dust; PA, pulmonary artery; L, lymphoid tissue. > 205. 


apex of the lung of a guinea pig more than two years old. Numerous 
small islands of lymph tissue are scattered through the lung parenchyma, 
and in some of these considerable dust has collected. 

2. Pigment relationships. Particles of pigment may be found in prac- 
tically all tissues of the lung. Most of them are intracellular, or are ly- 
ing in small masses which have been left upon the death of the phagocytes. 
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Fic. 5. Low Power CAMERA LuciwDA DRAWING OF A Tip OF A LOBE FROM AN OLD GUINEA 
Pic’s LunG DRAWN TO ILLUSTRATE THE UNUSUALLY LARGE NUMBER OF 


CELL MAssEs 
Some of these are in association with air passages and blood vessels; others are apparently 
without obvious relation to these structures. Most of them contain dust cells. LT, lym- 
phoid tissue. XX 40. 
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a. Relation to the pleura. The deposits of dust and their relations 
to the pleura are best studied in specimens cleared in benzene and oil 
of wintergreen; for the cleared lung, when properly treated by this 
method, is an object of beauty and shows in its translucency numerous 


Fic. 6. DRAWING OF A LUNG OF AN OLD GUINEA PIG IN WHICH THE MARKINGS HAVE BEEN 
INTENSIFIED BY A SHORT PERIOD OF ARTIFICIAL ExPosuRE TO DusT s 
The lines mark off indistinctly some of the outlines of the secondary lobules. The fine 
polygonal markings represent the dust deposits in alveolar walls. One of the bronchial 
nodes has been removed. X 21. 


black spots and a network of black lines. Many of the spots are sus- 
pended just under the pleura without apparent supporting structure. 
They develop at and near the points where pleural branches of the pul- 


8 Spalteholtz method. The tissue is fixed in 10 per cent formalin containing a few drops 
of glacial acetic acid, dehydrated, passed from a second change of absolute alcohol to benzene 
and thence, after several hours, to oil of wintergreen. 
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monary vein begin and they thus have a more or less regular arrange- 
ment on the lung surface, corresponding in all probability to the situa- 
tions of the points of junction of the septa which mark off the secondary 
lobules in the lungs of certain other mammals. They are starting 
points for the development of the lines which appear later. The lines 
often vary; some of them are short, others are long; some lie within or 
just underneath the pleura while the ends of. others dip into the depths 
of the lung tissue. These markings are illustrated in figure 6 which is 
a drawing of a lung from an animal more than two years old. The pic- 
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Fic. 7. A RETOUCHED CAMERA DRAWING OF A THICK, FREE HAND SECTION SHOWING 
BroncuHt, Dust PATCHES, AND VEINS 
The dust deposits show a remarkable alternation with the bronchi. In several instances 
the vein is seen to be arising from the pleura in the collectionof dust. Br, bronchus; D, dust. 
The heavier lined vessels are veins. The arteries are not shown. Refer to figure 8. For 
further description see text. X 6. 


ture here is accentuated by having the animal artificially exposed to 
dust for a short time. 

That the arrangement of the dust in the pleura has a definite basis 
is evident from both gross and microscopic examination, and the basis 
apparently rests on the anatomical relations of the parts involved. 
The spots of dust are situated in the corners of the lobule (secondary 
lobule of Miller®). As has been stated, these points correspond to 

® Strictly speaking there is in the normal guinea pig no definitely demonstrable secondary 
lobule, for this term relates to the areas marked out by the anatomic dipping down of trabec- 


ulae from the pleura of animals in which this tissue (pleura) is thick. But structurally the 
likeness is striking, 
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places where the larger pulmonary vein radicles begin, and thus to the 
areas representing junction points of the lobular trabeculae in the lungs 
of man and other mammals possessing a thick pleura. ‘ The lines which 
connect many of the spots correspond to the borders of the secondary 
lobules which, in certain other lungs, are marked by the trabeculae 
just mentioned. These relations can best be appreciated by reference 
to figure 7 in which is illustrated a regular, orderly, alternating relation 
of dust patch to bronchus. The patches of dust represent sections 
through spots; the cross cuts through lines. The patches of dust corre- 
spond rather regularly to the limits of the lobules to which the alternat- 
ing bronchi lead and represent in general the relationship further illus- 
trated in figure 12. The bronchus situated between two given areas of 
dust divides at numerous places and sends many branches in various 
directions, but the main continuations of the branches pass ultimately 
toward the spaces which hold the dust. The figure is a camera drawing 
of a thick (0.5 cm.) free hand section of a cleared lung. 
Microscopically, the areas of black lie in large part just underneath 
the pleura and consist of aggregations of dust carrying cells located 
in various tissues as follows: Some are grouped in the masses of lym- 
phoid tissue which are frequently present; some are in the alveolar wall 
behind the epithelial layer; a few lie occasionally within the pleura; 
others lie in the intact alveolar epithelial cells which appear without 
doubt to occupy a normal place in the alveolar wall; still others are out 
in the alveoli themselves, often clumped in small groups. No pigment 
cells have been observed within a pleural lymphatic. A retouched 
photograph of a section through one of the black spots is shown in 
figure 8. The dust cells are shown here in relation to the different 
elements of the involved area. The pleura and the alveolar walls are 
slightly thickened. 
b. Relation to lymphoid tissue and lymphatics. There is a good deal 
of pigment in the masses of lymphoid tissue mentioned above. Pig- 
ment laden cells, ‘‘caught”’ in this tissue, particularly in its outer parts, 
give it the appearance of a slight or moderate “‘peppering,” though they 
are rarely present in sufficient numbers to give it a solid black color. 
Occasionally pigment cells lie within these lymphatics but the rule 
is to find that these cells have wandered through the lymphatic wall, 
immediately outside of which they may be found in considerable 
numbers; here they may mark the course of a lymph channel as it lies 
in the wall of an air tube or blood vessel. It is this black deposit which 
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often marks the outline of bronchi and blood vessels seen in gross exam- 
ination of pneumokoniotic lungs. Arnold, it will be recalled, com- 
mented on the paucity of dust within the lymph channels. 


Fic. 8. A RETOUCHED MICROPHOTOGRAPH OF ONE OF THE Spots OF DusT IN AND UNDER 
THE PLEURA 
Further description is given in the text. Refer to figure 7: P, pleura; A, alveolus; AE, 
alveolar epithelial cell containing dust; D, dust in alveoli. A few dust particles lie in the 
pleura. X 205. 


c. Relation to the tracheobronchial nodes. The tracheobronchial 
nodes are not uncommonly the most densely pigmented tissue in the res pi- 
ratory apparatus of these old guinea pigs. They become increasingly 
black with age and they may range in color from a faint grayish tint to 
jet black. They hold the dust in a characteristic manner. Some of 
the dust cells lie scattered through the medullary portion of the nodes; 
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Fic. 9. A SECTION THROUGH A BRONCHIAL NODE IN A GUINEA Pic MorE THAN Two YEARS 
OLD 

; The dust cells tend to be grouped near the lymph sinuses and around and between germinal 
centres. Some dust is also scattered throughout the node. None is seen within the lymph 
sinuses. Some fibrosis is evident. D, dust around germinal centre and lymph sinus; 
FT, fibrous tissue; GC, germinal center; LS, lymph sinus. See figures 10 and 11. X 36. 
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but perhaps the larger number of them lie in groups that are seen both 
in the immediate periphery of the lymph sinuses (where they are often 
present in sufficient numbers to attract. attention to the situation of 
these channels) and in regions lying between the germinal centres, 
especially at points where three or four germinal centres lie near together. 
This corresponds to the situation in which the first signs of fibrosis 
develop. The dust content of the tracheobronchial nodes is illustrated 
in figure 9 which is drawn from a section through a node from a normal 
guinea pig that was more than two years old. The pigment is densely 


Fic. 10. A TRACHEOBRONCHIAL LympH NODE FROM AN OLD GUINEA PIG 
The node has been cleared. The spots of dust represent dust collections in areas between 
germinal centres, especially between situations of three or four of the centres. The dim out- 
lines of dust indicate the course of lymphatics, or lymph sinuses, which are marked out by the 
dust deposits along their course. GC, area of germinal centre; D, dust between germinal 
centres; L, outline of lymph sinus or lymphatic. Refer to figures9 and 11. X 10. 


collected around and between germinal centres and around the lymph 
sinus, but not within it. This arrangement is further illustrated in 
figure 10. The node shown here was cleared in benzene and oil of 
wintergreen and is reproduced in its natural, unstained condition. 
The little clumps of dust cells lie between groups of germinal centres, 
and the dark linear markings (see figure 10) probably represent the 
course of lymphatics or of sinuses. 

d. Relation to the alveoli. Pigment cells lying free in the alveoli of 
the lungs of old normal guinea pigs is a common finding; free pigment 
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in the alveoli is only infrequently seen. How long these cells may 
remain in the air spaces is a matter of conjecture, but their absorption 
must be relatively slow, since in these normal animals. increments of 
dust are taken into the lung only very slowly and gradually, yet the 
dust cells are always seen. Haythorn (27) felt that they may lie in the 
alveoli for several months. 

Pigment is frequently seen in the alveolar epithelial cells, especially 
in the ‘‘corner’” cells made so much of by Sewell (35) who, by intra- 
venous vital staining methods, showed that the alveolar epithelial cell 
rather than the vascular endothelial cell is actively phagocytic for dust 
in the lung. Briscoe (36) and others have made the same claim. On 
the other hand Permar (37), McJunkin (38), and others have recently 
adduced good evidence that endothelial cells are the scavengers of lung 
dust. The cytology of the phagocyte has not been studied in this work 
and the question must be dismissed with the statement that it seems, 
from histological appearances only, that more than one type of cell is 
involved in the process. It seems equally true that the alveolar epi- 
thelium should be regarded as one of the types. In the loose tissue just 
behind the epithelial layer there are numerous dust laden cells. 

e. Relation to the bronchi, arteries and veins. These relationships 
have practically been discussed because the relation of the dust to lym- 
phatics and lymphoid tissue (paragraph 6 above) refers entirely to the 
lymphatics and lymphoid tissue lying in the walls of the bronchi, arteries 
and veins. Within these structures one finds the dust cells that have 
wandered through the walls of the lymphatics, and have been caught 
up in the loose areolar in which they course, plus those which have been 
held in the lymphoid tissue—itself in close relation to the wall of air tube 
or blood vessel. 

3. Fibrosis. The essential end reaction of pulmonary tissue to the 
presence of foreign matter is a fibrosis. On this all investigators are 
agreed. In the opinion of many (Watt, Irvine, Johnson and Steuart, 
Koltz, Watkins-Pitchford, and others), the fibrosis arises in very close 
relation to the lymphatics and lymphoid tissue. Wainwright and 
Nichols (25) felt that the thickening occurs first in the alveolar and 
interlobular septa. According to Johnson (30), the enlargement of the 
lymph nodes and especially of the tracheobronchial nodes is due to a 
connective tissue proliferation in the nature of replacement tissue, and, 
notwithstanding the increase in the size of the node, its content of 
lymphoid elements is probably lessened. Thus, this worker thought, 
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nodules develop in the lung as a fibrous tissue reaction in and around 
the original lymph node or original mass of lymphoid cells which as a 
filter had gathered to itself irritating particles of foreign matter out of 
the lymph. Most authors have felt that the irritating bodies along the 
course of the lymph channels and in the masses of lymphoid tissue 


Fic. 11. A CAMERA DRAWING THROUGH A PORTION OF A TRACHEOBRONCHIAL LympH NODE 
SHOWING Dust PARTICLES IN THE Mipst oF Frsrous TissuE WHIcH HAs ENCROACHED 
ON THE NORMAL LYMPHOID TISSUE OF THE GERMINAL CENTRES 
Some of the dust cells appear to lie in small sinuses. GC, germinal centre: FT, fibrous 
tissue; D, dust. See figures9 and 10. X 114. 


stimulate the fibrous reaction and that the process is continued, until 
with certain dusts a relatively large proportion of lung tissue has been 
encroached upon by the scarring and is destroyed. 

A minimal amount of fibrous tissue formation is encountered in the 
lungs of old guinea pigs and is to be seen chiefly in a mild thickening of 
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the pleura and alveolar septa where collections of dust cells are found, 
and in the tracheobronchial nodes where some of this tissue develops 
between and around the germinal centres. The new tissue formed in 
thesereg ions contain-dust cells. Figure 11 was drawn to show the fibrous 
process in a tracheobronchial node. 


DISCUSSION 


The matter of first importance in a. consideration of the findings just 
reported is the fact that the work was done on the lungs of normal adult 
animals which had lived long enougk to have developed lung pigmenta- 
tion under the natural conditions of cage life. One of the outstanding 
features in the study of these normal animals is an anatomic one and 
consists in the presence of a relatively large amount of lymphoid tissue. 
Masses of the tissue may occasionally be seen on the freshly cut surface 
of the gross lung, lying near the larger bronchi and blood vessels at the 
hilum. These are very conspicuous in microscopic sections. In general 
they are definitely nodular and possess germinal centres. They appear 
in the situations in which such tissue is normally found in many mam- 
malian lungs; namely, at the dividing points of bronchi, bronchioli, and 
blood vessels, and occasionaily at points in the pleura where branches 
of the pulmonary vein arise. They also appear in situations unusual 
for such tissue in younger animals—animals of the size and age more 
generally used in experimental work. 

The significance of this tissue has been suggested by Miller (31) who 
thought it must arise as a reaction to the presence of irritating dusts in 
the lung, and this explanation seems altogether the pfobable one. For 
in the natural course of events a certain minimum of the dust breathed 
into the lung is carried past the epithelial barrier and into the closed 
system of pulmonary lymphatics where, in the ebb and flood of; the 
lymph, some of it is caught and held permanently or transiently in the 
small masses of lymphoid cells intercalcated along the course of the 
lymphatics. Here this foreign matter stimulates the cells to prolifera- 
tive activity, and, as they become larger, the chances are increasingly 
better that these masses may act as more efficient mechanical filters 
simply by virtue of their size and may thus hold up many more dust 
cells; these new irritating bodies in turn stimulate the lymph tissue to 
greater proliferation and the resulting increase in size of the masses con- 
tinually enhances their obstructive possibilities. 
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Gardner’s recent contribution (39) lends added evidence to this idea 
of proliferation of the lymphoid tissue under the influence of irritant 
dusts. This worker exposed guinea pigs to granite dust for as long as 
seven months, and observed that, for a considerable time, before there 
was any macroscopic lesion demonstrable, the masses of lymphoid tissue 
in the lung appeared very active and showed many mitotic figures. 

It should be borne in mind, however, that the dust particles stimu- 
late other than the lymphoid elements, for these particles are also 
responsible for the formation of a small amount of fibrous tissue in the 
walls of air passages and blood vessels where the lymphatics course, 
and particularly in the lymph nodes at the hilum. 

Ultimately dust reaches the tracheobronchial nodes in considerable 
quantity and this is what one would expect from the work of Miller 
(40) and others who have shown that practically a//!° lymph in the lung 
flows toward the hilum and the tracheobronchial nodes. The dust in 
the alveoli is engulfed by phagocytes and carried through the alveolar 
walls into the irregular tissue spaces which might possibly be thought 
of as ‘unformed lymphatics.” From here much of it is carried by the 
ebb and flow of the lymph to and through the lymphatics and past 
the lymphatic tissue barriers to the tracheobronchial nodes. On the 
journey, however, many of the dust cells filter or wander through the 
thin walls of the lymphatics and are held in the areolar tissue with which 
these channels are environed; here some degree of fibrosis may also 
occur. The fact that dust accumulates around the sinuses and lymphat- 
ics of the nodes indicates that something of the kind will happen in the 
lung if the quantity of dust is sufficient. With the continuous addition 
of dust (or infection), the central depots (nodes) become clogged, and 
as this occurs, pigment (by blocking) will extend more peripheralward 
(as will infection also). 

The tendency for the dust to become deposited in the areas that limit 
the secondary lobules at the pleura offers perhaps more basis for con- 
jecture than for clear cut explanation, but it seems probable that two or 
three anatomical factors may produce these markings. The first of 
these is the fact that in its branching within the lobule the bronchus 
sends its main divisions toward the edge of the lobule at the pleura. 
This is indicated in the accompanying illustration—figure 12, which is a 


10 All with the possible exception of that in the vessels of the diaphragmatic pleura. See 
Cunningham, R. S.: Contributions to Embryology, Carnegie Institute of Washington, 1916, iv, 
no. 12, Publ. no. 224. 
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camera drawing. The more direct air current with its dust is obviously 
along the larger and more direct branches of the air passage. Small 
dust deposits occur under the pleura at the terminals of these two direct 
passages. A second factor which may contribute toward the laying 
down of the dust in these areas is the fact that in the areas of the black 
spots and junction points of the lines there is often a small mass of 
lymphoid tissue which would tend to hold the dust. Although it is 
quite difficult to demonstrate lymphatics in the zone of the black lines, 
one feels that they must undoubtedly be present and that their presence 


Fic. 12. CAMERA DRAWING OF AN ULTIMATE AIR PASSAGE DIVISION AT THE PLEURA 
The dust is deposited at the ends of these more direct passage ways. B, bronchiolus in 
cross section; P, pleura. X 30. 


as dust carriers might account for the dust collections along the avenues 
of travel. 

Certain observers have been inclined to attribute the dust deposit in 
lines in the pleura to the relation of this organ to the ribs. It is signifi- 
cant that most of the deposits are on the surfaces that face the ribs. 
Frequently, too, there is a slight depression in the pleura at the site of 
the dust deposit which might well represent a depression from the rib. 
And the ribs, when situated over these areas where dust is prone to 
become deposited, might reasonably aid, by limiting the movement, for 
instance, in the deposit. But the fact that black spots and lines do 
develop on the diaphragmatic and interlobular surfaces where the ribs 
cannot conceivably have any influence seems to prove that the presence 
of the ribs is not solely responsible for the deposits. 
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SUMMARY 


1. There are anatomic differences between the lungs of old and those 
of young guinea pigs. These differences concern themselves chiefly 
with a larger amount of lymphoid tissue in the older animals. ‘The 
increase in the amount of this tissue apparently parallels the increase in 


age and in dust content. 
2. Spontaneous pneumonokoniosis occurs in guinea pigs that have 


lived a cage life for a year or longer. 

3. The pigment is laid down under the pleura in spots and lines which 
mark off the secondary lobules. It is also found in the walls of bronchi 
and blood vessels, in lymph nodes and lymph masses throughout the 
lung. In the tracheobronchial nodes it is present in considerable 
quantity. Practically all of the dust is intracellular. 

4. Lymphatics transport the dust cells but these vessels on section 


usually appear empty. 
5. A very slight fibrosis occurs in the tracheobronchial nodes, the 


pleura and the walls of alveoli that are in the regions of the dust deposits. 


METHODS 


Numerous fixing reagents were used in this work but the best results were obtained from 
the use of Zenker’s fluid. In general the procedure was to introduce the fixing fluid into the 
trachea by gentle pressure before the thorax was opened. In this way the tissue was not 
overdistended. 

Sections were made in both paraffin and celloidin, and in many instances sections of 
200 microns or more were used to great advantage. There were also free hand sections. 
Numerous specimens were cleared by the Spalteholtz method. 
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THE FOCAL REACTION 


WILLIAM F. PETERSEN 
From the Department of Pathology, University of Illinois College of Medicine, Chicago 


During the course of recent medical history our store of knowledge 
concerning resistance to infections has been greatly advanced, not only 
by new methods of research, but by new instruments of precision and 
by innumerable new discoveries in the collateral fields of science. Im- 
munology in particular gave brilliant aid to both the theory and practice 
of medicine. The more recent results with chemotherapy, too, are of 
great value. 

There remains withal a definite number of acute diseases that, once 
established, are still beyond our therapeutic influence, even though our 
preventive immunization against some of them is effective. When we 
examine the more chronic infections—granulomatoma, for instance— 
we must frankly admit that our chief reliance is still the intangible 
“general resistance,’ that elusive something which so far has escaped 
our efforts of exact definition. 

Perhaps we have erred to a degree in neglecting to study the reaction 
of the body to disease—the inflammatory reaction—on a sufficiently 
broad basis. We have studied separate diseases and local inflammation 
and partial phenomena, but when one surveys modern medical literature 
it becomes apparent that the large share that the body as a whole plays 
in resistance to a pathological alteration, even though seemingly a 
localized one, is either wholly ignored or our deficiencies in knowledge 
glossed over under the convenient term “antibodies.” “Antibodies,” 
in the strict immunological sense, are by no means the sole factors in 
resistance, perhaps not even the chief factors in the mechanism. 

In the study of inflammation, phagocytosis, the réle of fibrin, the 
diluent effect of the fluid exudate, alterations in nerves and blood ves- 
sels, local changes in the hydroxyl-hydrogen balance, antibody response 
(both local and general) and numerous other factors have been con- 
sidered; but, among the reactions, two that are seemingly of funda- 
mental importance seem so far to have received little attention. These 
concern (1) the possible activation or stimulation (Plasmaaktivation of 
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Weichardt) of remote cells and organs by products absorbed from the 
inflammatory focus and (2) the effect which alterations in the permea- 
bility of the cell membrane have on increasing or diminishing suscepti- 
bility to intoxication. 

Recent studies in this direction seem of considerable interest in clarify- 
ing our conception of certain phenomena observed in connection with 
inflammatory reactions; and the studies dealing in particular with the 
focal reaction might warrant a more detailed discussion, the more so 
since a number of European papers dealing with the subject have not 
been generally accessible. 

That a pathological lesion, localized in some remote portion of the 
body, may unfavorably influence a pathological process elsewhere seems 
logical enough; that a pathological alteration (and this includes induced 
irritations as well) might favorably influence a coexisting process we 
cannot so readily accept, yet it is just this fact that we must recognize, 
study and, if possible, utilize therapeutically. The practice of irritating 
chronic inflammatory foci in order to bring about healing has been in 
use since time immemorial. A variety of procedures were devised that 
ranged from the actual cautery, acupuncture, the seton and the fon- 
tanelle, to the milder forms of counterirritation still found in the house- 
hold even if no longer in the clinic. Curiously enough, measures such 
as these were in use among all primitive races. Common usage, as well 
as perhaps occasional successful application, led early to speculation 
concerning the mechanism of its therapeutic action and a number of 
fallacious theories were evolved, the scientific refutation of which led 
finally to complete scepticism concerning the whole subject. But in 
some form or other we find it cropping out again and again—in the 
fixation abscess of Fochier and in the autoserotherapy of Gilbert, and 
clearly recognized in the Bier treatment by hyperaemia. 

In the more modern methods of nonspecific therapy we find a more 
extended effort to make use of the same general phenomenon. But 
here, just as in former immunological studies, we have given perhaps 
too much attention to the resistance of the diseased organism to infec- 
tion, and not enough to the forces that prevent the body from becoming 
diseased. This Much (1) would designate as nonspecific immunity 
(unabgestimmte Immunitat). Morgenroth, Biberstein and Schnitzer (2) 
have already approached the problem experimentally, in that they have 
demonstrated that a coincident avirulent streptococcus infection (in 
mice) will protect from the immediately fatal effect of a peritoneal injec- 
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tion of highly virulent streptococci. Citron and his associates (3) 
have added their observations with chicken cholera in guinea pigs, in 
which a subcutaneous injection given just preceding an intraperitoneal 
injection (normally rapidly fatal) alters the course of the infection, 
so that merely the chronic type of infection results. I cite these experi- 
ments in acute infections in experimental animals merely to illustrate 
the broad character of the field that is open for study, a field in which 
the local reaction occupies but a small part. 

Ever since the tuberculins were introduced early in the nineties the 
concept of the focal reaction, the Herdreaktion, at the site of the inflam- 
matory lesion has been so closely associated with the diagnostic and 
the therapeutic principles of tuberculin as hypothecated by Koch that 
the field has, to a great extent, been limited largely to a consideration 
of this particular disease. This view of the focal reaction, exemplified, 
let us say, in a local disease such as lupus or an apical involvement, 
needs no further elucidation. By some the term, local reaction, is 
however used synonymously; it should of course be reserved for those 
reactions that occur at the site of the injection of the tuberculins. 

By common consent we may assume that positive local and general 
reactions are regarded as corroborative evidence that at some time the 
organism has been infected with tubercle bacilli. To the focal reaction 
we generally attach greater significance, in so far that the observation 
of focal disturbance following tuberculin injection is regarded as proof 
not only of infection but of activity as well. It is regarded as strictly 
specific in the sense that only tuberculous processes respond to tuberculin 
injections. On this assumption the immunologists have elaborated 
theories to picture the processes going on at the site of the reaction. 
According to Wassermann and Bruck the reaction takes place when 
the injected tuberculin joins with an “‘antituberculin” at the focus and 
complement is bound by these two reacting bodies. The fixed comple- 
ment is then able to “digest’’ the focal material and so cause the well 
known lytic phenomena that we associate with focal activation. Wolff- 
Eisner and others have expressed the idea that all the tuberculin mani- 
festations are due to preformed specific ‘“‘lysins.””. These break up the 
nontoxic tuberculin; and only the tuberculin so altered can initiate the 
various reactions. The entire mechanism, according to the humoral 
views, depends on the presence of lysins, that is, “much lysin—much 
reaction.” 
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As a matter of fact, little or no evidence has been put forward to 
support this humoral theory; but, on the contrary, much convincing 
evidence discredits it. No antibodies of the kind hypotheticated have 
been demonstrated. Nor does a parallelism exist between the local, focal 
and general reactions, such as would be predicated if the reaction were 
a humoral one. On the contrary, while a general reaction follows in 
the wake of a focal reaction, the local reaction is under these circum- 
stances suppressed. But practically every clinical phenomenon has, 
nevertheless, been interpreted according to these theories, with resulting 
confusion. One illustration will suffice. Menzer (4) noted that tuber- 
culous foci would respond with a typical Herdreaktion after the injection 
of a streptococcus vaccine and that tuberculous patients would very 
frequently have a general reaction. ‘From this he drew the conclusion 
that such reactions merely indicated that a secondary infection with 
streptococci had been imposed on the focus and that the evidences of 
reaction which he observed merely confirmed the specific concept. 

It was largely through the demonstration of the focal or Herdreaktion 
that the theory of specificity for the tuberculins gained wide credence. 
We fitted a theory to the observation, and then proceeded to interpret 
every Clinical observation in this or the related fields to conform to our 
theory. Reasoning in a vicious circle retarded the study of actual 
clinical conditions; and particularly held back the proper recognition 
of certain factors in cellular resistance which are of great importance 
not only in tuberculosis but in inflammation in general. 

Inasmuch as experience with tuberculosis is common to every 
physician, the consideration of the focal reaction in the tuberculous is 
perhaps of greatest interest and importance; but the problem is so 
closely bound up with inflammatory reactions in general that it may 
be permissible to include certain references to conditions of nontuber- 
culous origin in this discussion. 


CONCERNING THE SPECIFICITY OF FOCAL REACTIONS 


Perhaps the fact that the focal reaction is not a specific reaction must 
first be emphasized. Practically every inflammatory focus, irrespective 
of its etiology, will react (focal activation) to tuberculin, as well as to 
a great variety of other agents, chemical or biological in character. 
Workers in tuberculosis have long recognized the fact that the tuber- 
culous lesion responds with a focal reaction to a variety of substances. 
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Baldwin mentions nucleoprotein, nuclein, albumoses, cinnamic acid, 
cantharidin, pilocarpin. Fishberg adds potassium iodide and creosote. 
But the recognition that nontuberculous inflammatory foci will likewise 
respond to such agents has only been discussed in recent years. Per- 
haps the paper of Schmidt (5) is of greatest value in this connection in 
so far as the theoretical consideration of the problem is concerned: 
his practical deductions are however open to serious criticism, as will 
be pointed out later. 

Schmidt began his observations on the Poncet type of arthritis. 
This tuberculotoxic form of disease exhibits a well marked focal reaction 
following the injection of tuberculin; that is, the joint becomes more 
painful and swollen, there is an increased limitation of motion and the 
tissues become hyperaemic. ‘This stage is later followed by improve- 
ment in the clinical picture (the negative stage is followed by a positive 
one), the end results usually being an improvement over that obtaining 
before the tuberculin injection. 

But Schmidt found that if, instead of injecting tuberculin, milk was 
used, he obtained exactly the same reaction at the site of the 
lesion, during the same time period, and with the same positive phase 
following in the wake of the reaction (that is, a therapeutic effect). 
Further, when he turned to nontuberculous joint lesions and injected 
minute doses (0.001 gram) of old tuberculin (relatively rich in non- 
specific proteins) he obtained a similar focal reaction. 


CLASSIFICATION OF FOCAL REACTIONS 


The German clinicians have gathered considerable data concerning 
the reactions that follow milk injections (used merely as a convenient 
nonspecific protein) and Schmidt has arranged the following groups in 
which there is a response with a typical focal reaction following milk 
(and other) injections: 

1. Inflammatory foci of infectious origin 

2. Localized inflammatory processes endogenous or traumatic in 
origin 

3. Diatheses 

1. Classified under the first group we include pulmonary foci of 
tuberculous origin. Schmidt and Kraus (6), Petersen (7), Holler (8), 
Dollken (9) and others have called attention in recent papers to this 
phenomenon. Proteoses, iodides, milk, nucleins, among other agents, 
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will bring about a focal reaction and a sharp general systemic reaction. 
Tuberculous foci in lymph glands, kidney, genitourinary tract and else- 
where respond in a similar manner. Closely related we find the effect 
on leprous lesions. Josephson (10) describes the activation of a case of 
macular leprosy following the accidental injection of a relatively large 
intravenous dose of vaccine. 

Among the nontuberculous inflammatory foci can be included the 
tonsils which at times flare up after a nonspecific injection. Schmidt 
describes such a case in which a milk injection activated a latent angina 
with a coincident appearance of mild joint pains. Furuncles; inflam- 
matory activation can be observed following milk injections in cases 
of furunculosis and in some instances more than the usual amount of 
constitutional reaction. Thus the normal diabetic does not react with 
a temperature rise to milk injections, but if suffering from furuncles 
will frequently do so. Arthropathies; the negative phase with its in- 
creased pain, swelling and limitation of motion is not an uncommon 
clinical observation and has been fully discussed by a number of observ- 
ers. Buboes and adnexal inflammations. Inflammatory foci in the 
appendix and the gall bladder. Erysipelas. 

The activation of quiescent malarial foct has assumed diagnostic 
importance and will be more fully discussed. Papules of syphilitic 
origin react with an increased hyperaemia just as do other inflammatory 
foci. 

In a general way, one can make the statement that any circumscribed 
inflammatory process, irrespective of its bacterial etiology or its location, 
will frequently light up with a typical focal reaction after a nonspecific 
injection, and that usually within twenty-four hours after the injection. 
Of these various processes tuberculous lesions are perhaps more sensitive 
because of a more profound sensitization of the tissue cells of the host 
against protein in general, as suggested by a recent discussion by Wolfi- 
Eisner (11). 

2. Localized inflammatory processes endogenous or traumatic in origin. 
In this category must be placed certain of the toxic forms of arthritis, 
such as the Grocco-Poncet type; inflammatory lesions of the kidney; 
inflammatory lesions of the eye, including iritis, albuminuric retinitis, 
etc. Healing fractures, such as Dollken has described, respond with a 
typical focal reaction. 

3. Localized lesions on a basis of a diathesis. Using this term in the 
broader significance as defined by Pfaundler, the following conditions 
might be included: 
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The lancinating pains of tabes which at times follow nonspecific injec- 
tions, as well as an occasional gastric crisis. 

In general paresis the psychic state may be decidedly disturbed and 
the disease manifestations become more apparent following nonspecific 
injections. This is a not uncommon experience in the treatment of 
paresis, as outlined by v. Jauregg. In epilepsy an attack may be inaugu- 
rated if a large dose of a nonspecific agent is administered, just as in 
chronic alcoholics an attack of delirium tremens may follow such an 
injection. 

In this sense we may consider that a latent symptomatology may 
abruptly unfold its various manifestations following injections. 


ACTIVATING AGENTS 


We must for a moment stop to consider the agents that are involved 
in eliciting this nonspecific reaction. Because of the early work in this 
field we commonly regard the nonspecific reaction such a one as follows 
the intravenous injection of a vaccine, for instance, typhoid vaccine, or 
such protein derivatives as proteoses, or, more recently, the use of milk 


or casein given intramuscularly. Not only do such injections bring 
about the reaction and focal activation, but certain general biological 
alterations, such as coincident but remote disease processes. Metabolic 
alterations and alterations of endocrine origin, fatigue, intestinal intoxi- 
cation, blood-letting, X-ray exposures, trauma, alterations in the skin 
(counterirritation), as well as a number of drugs bring about exactly 
the same focal alteration. The activation of a tuberculosis by an 
angina, a remote trauma, the menstrual cycle, by influenza or measles; 
the provocation of a malarial paroxysm (the result of a splenic focal 
activation) by an intercurrent disease, by prophylactic vaccination, 
by severe fatigue, long railroad journeys, overheating, exposure to 
intense light, chilling or drenching, dietary faults, alcoholic excess and 
the various other factors that the experience of the war has brought to 
light; the activation and focal reaction about latent arthritic lesions 
such as Pemberton has pointed out (by raying, radium, thyroid extract, 
excitement, etc.); the classical activation of gonorrhoeal processes by a 
variety of seemingly remote causes; the precipitation of lancinating 
pains or a tabetic crisis following a ‘‘cold;” the origin of a delirium 
tremens following a trauma; these are but a few examples of a universal 
phenomenon heretofore commonly observed but not recognized as 
having a common background. 


THE FOCAL REACTION 


A BROADER CONCEPTION OF THE FOCAL REACTION 


It is very probable that many puzzling clinical manifestations and 
unusual features of certain diseases may readily be explained and will 
appear in a very simple light if we keep in mind the basic idea that the 
particular symptom complex under study may be due solely to the 
activation of an inflammatory focus of exogenous or endogenous origin 
in the manner of the Herdreaktion. Many of the curious metabolic 
disturbances at times associated with diabetes and nephritis can readily 
be accounted for on such a basis. Even pharmacological study reveals 
evidence of this same nonspecific effect on inflammatory lesions. Thus, 
the commonly observed Jarisch-Herxheimer reaction (the flaring up 
of syphilitic skin lesions under specific treatment) is an example, while 
the activation of a tuberculous lesion after iodide medication is an 
even older observation. So too, we may get an ulcerative catarrhal 
condition when an uraemic colitis is carelessly treated with calomel; 
while Kéniger (12), in a recent paper, has even been able to demon- 
strate that the antipyretics given in proper interval doses, all bring 
about a nonspecific Plasmackiivation and must therefore be included 
among those potentially capable of bringing about focal reactions. 

This widening of the concept of the focal reaction makes it of decided 
importance in the special pathology of internal diseases. Acute con- 
ditions may often be nothing more than the exacerbation of heretofore 
latent processes of definite bacterial etiology or perhaps of a diathesis. 
On this basis can be explained the fact that children often respond with 
a severe angina to a fault in the diet; that an appendicitis will become 
acute following an angina, a remote trauma or an injection of a prophy- 
lactic dose of vaccine; or that a gastric crisis or lancinating pains will 
commence after some remote exciting cause or an asthmatic attack 
occur under the influence of some meteorological or climatic alteration. 

In many ways this basis for the immediate etiology of an appendiceal 
inflammation or the flare up of a gall bladder infection seems more 
rational than the suggestion that we deal with a specific localization of 
bacteria, so altered in their metabolic demands and peculiarities that 
they will grow only in certain tissues. This latter hypothesis, which 
Rosenow (13) has developed, ignores the fact that in the history of acute 
inflammatory processes one may note a preceding history of remote 
trauma or systemic shock of some kind or a metabolic disturbance of 
nonbacterial origin, just as often if not more frequently than a history 
of a preceding infection. 
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THE DIPHASIC CHARACTER OF THE FOCAL REACTION 


While in the preceding pages attention has been centered on the fact 
that a variety of agents may be used to elicit the tuberculin reaction 
(focal), one can also determine that nontuberculous processes respond 
with a focal reaction to tuberculin. Schmidt illustrates this with two 
convalescent cases of polyarthritis which had been free from fever and 
local symptoms, pain, etc., for over two weeks. Both cases on receiving 
0.001 gram, O. T., subcutaneously, responded with severe pain in the 
joints previously involved, slight periarticular swelling and some limi- 
tation of motion; the duration of the reaction was of course transient. 
I have had occasion to repeat these observations of Schmidt’s and ina 
considerable percentage of the cases studied I have found that the 
observation holds true. In processes that can be observed at the 
external surfaces of the body, particularly in the violent activation of 
chronic inflammatory lesions, one can observe the dualistic nature of 
the reaction—and this is of paramount importance in its therapeutic 
application—a negative phase in the sense that the tissue is altered 
more from the normal than heretofore, that is, the evidences of inflam- 
mation are increased, pain and swelling augmented, function impaired, 
etc.; then a positive phase. during which there is a progressive dimi- 
nution of theinflammation until the preinjection status is again reached or 
passed, the balance swinging in this direction until practically normal 
conditions are restored. Augmentation of the inflammation is followed 
by a diminution until healing is accomplished—the pendulum swings 
from one side to the other in the wave like curve that we find expressed 
so commonly in many -biological processes—in the opsonin curve, the 
antiferment curve, in the leucocytic response, in the coagulation mechan- 
ism, in cell permeability, all indicative of the exquisite lability of the 
balance that exists in living protoplasm. : 

This diphasic alteration of the pathological picture comes to notice 
particularly in the arthritic focal reactions where soon after the provoc- 
ative injection (typhoid bacilli, milk, tuberculin) there can be observed 
increased pain, redness, and swelling and limitation of motion, followed 
by an analgesia, a lessening of the swelling and restitution ad integrum. 
By way of the circuit of an increase in inflammation we reach the thera- 
peutic goal of a restoration to normal. 

The focal reaction has its counterpart in the general reaction of the 
patient that usually accompanies the reaction, occasionally in the 
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tuberculous, more often in acute infections. Let us examine the reac- 
tion that follows when a typhoid patient is injected with vaccine or 
milk or proteoses or other nonspecific agents which in the normal indi- 
vidual cause little or no reaction. Following the injection there is 
first an intensification of symptoms, subjective as well as objective. 
A chill, a rise in temperature, an increase in pulse rate, gastrointestinal 
engorgement with occasional nausea and vomiting, increased tendency 
to hemorrhage, occasionally increased mental impairment, delirium, 
etc. Subjectively the patient complains of headache, chilliness, lassi- 
tude, general muscular and joint pain. The course now changes and 
the positive phase sets in. When the headache ceases the patient 
usually falls into a profound sleep, the temperature comes to normal 
either temporarily or permanently, the pulse rate is lowered and the 
quality becomes better, the sensorium is clear, the patient feels well. 
During the course of the next day or two the rose spots fade, the splenic 
tumor recedes, the diazo reaction becomes negative. The blood culture 
may or may not become negative, shortly after the injection. This 
period corresponds obviously with Weichardt’s period of Plasmaakti- 
vation. This duality observed in both the focal reaction and the general 
reaction is of utmost therapeutic interest. 

It is reasonable that we would seek to make the negative phase, 
representing an augmentation of the inflammatory process, as short as 
possible and the positive phase relatively intense and protracted. But 
the possibility arises, based on clinical observation, that the degree and 
extent of the positive phase (curative) is closely dependent upon and 
correlated with the negative phase, that is, that their relative intensity 
is proportional. We may conceive the negative phase, which in point 
of time always precedes the positive one, as an exogenously produced 
irritative process; the positive one, on the other hand, as an endoge- 
nously prepared, more or less physiological process of vital repair. 
Clinically, as far as focal reactions are concerned (as for instance in 
tuberculosis), it is chiefly the negative phase that comes to our atten- 
tion, in the form of the activation phenomena with which we are 
familiar. But from the analogous studies in focal reactions elsewhere 
it must be assumed that with proper dosage, the positive phase and the 
increased tendency to healing follows about the lung focus just as it 
does about a joint lesion which can be objectively studied. In this 
duality of the reaction lies the usefulness of the focal reaction as a 
therapeutic measure. 
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THE MECHANISM OF THE FOCAL REACTION (VASCULARIZED INFLAMMATORY 
FOCI) 


During the course of the past five years we have become familiar 
with the biological alterations that take place in the organism after 
tuberculin injections, as well as after so called nonspecific agents. These 
changes are numerous and complex but the more important can be 
placed in two groups, (1) those that deal with cellular stimulation and 
those (2) that result primarily from alterations in the permeability of 
the cells. 

The former have been broadly included by Weichardt under the 
term Plasmaaktivation. Under the stimulus of moderate doses of non- 
specific agents cellular activity is markedly increased. This finds its 
expression in increased secretory activity of gland cells, increased 
activity of muscle cells (myocardium), increased activity of leucocytes 
(phagocytosis), etc. The changes that take place in the permeability 
of the cell membrane have been studied by Luithlen (14), by Starken- 
stein (15), and others, and represents a decidedly diphasic phenomenon. 
The permeability of the capillaries is first increased as evidenced in the 
great increase in the lymph flow and in the concentration of the blood; 
the permeability of the tissue cells is increased—with a resulting out- 
pouring of enzymes, of fibrinogen and prothrombin, of immune bodies, 
etc.; the increased permeability of the nerve cells is associated with a 
lowering of the threshold for nervous impulses and becomes manifest 
clinically in increased susceptibility to pain, general irritability, head- 
ache, etc. When this first phase has passed, compensation takes place 
in a lessened permeability of the cells, with effects that are to be antici- 
pated—lessened susceptibility to intoxication, lessened nervous irrita- 
bility, lessened exudation, a lowering of enzyme concentration, etc. 

Numerous other observations have been made that are, in my opinion, 
subordinate in interest to these two fundamental alterations in the 
permeability of the cell membranes and the general stimulation of 
protoplasm. 

With these considerations in mind we can approach the study of the 
mechanism possibly involved in the focal reaction about inflammatory 
tissues from a relatively simple point of view. 

In an inflammatory focus, supplied with highly vascularized granula- 
tion tissue, the systemic effects of a tuberculin injection or the injection 
of a nonspecific agent will bring about (1) an increase in the exudation 
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of fluids, with increased redness and swelling, because of the transient 
increase in the permeability. With this there is associated (2) an 
increase in pain and tenderness both because of the increased pressure 
and the lowering of the threshold of nerve stimuli. There will be (3) 
increased digestion at the focus of inflammation; if there is no necrotic 
material present in the focus there may be no evidence of increased 
systemic intoxication; if the amount of necrotic material is large there 
will first result an increase in systemic intoxication when the material 
split down is absorbed, and with more complete digestion at the focus 
complete detoxication may result. 

All these changes we associate with the focal activation that follows 
nonspecific injections. To these must be added another factor and one 
more complex. It concerns the observation that any cell previously 
involved in an inflammatory reaction responds to stimuli of all kinds 
more readily than a normal cell. Objectively we can observe this in 
involuting skin lesions. 

From the immunological point of view the work of Conradi (and 
Bieling (16) and Bieling (17) is of interest in this connection. They 
have found, for instance, that if a rabbit is first immunized with typhoid 
bacilli, the dosage of bacteria needed to bring about a high degree of 
immunization against some other organism—cholera, for instance— 
is only a fractional part of that required to immunize a normal rabbit. 
This alteration in immunity response, which is, of course, omnicellular, 
merely illustrates the alteration in reactivity that we find in the epidermal 
tissues, and very likely in inflammatory tissues in general. 

The augmentation in the inflammatory reaction which we have in- 
duced brings with it as we have seen an increased lymph flow. Coinci- 
dent with it there has been a relative increase in enzymes,—proteases, 
ereptase (peptidase), lipase, etc.—an increase in the antibodies (if the 
patient has been previously immunized or if the infection has existed 
for some time) and an increase in the leucocytes (after the initial leuco- 
penia), together with an increase in their phagocytic activity and an 
increased coagulability of the blood. The antibody, the leucocytic and 
the enzyme alterations must exert a considerable effect on an infecting 
agent as well as on the removal of necrotic material; the tendency 
toward restitution to the normal would be enhanced. It is this phase 
that we see in the so called second or positive phase. Its coincident 
constitutional effect that we witness in the euphoria, the lowering of 
the temperature, the improvement of the circulation, etc., is due to at 
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least three factors: (1) the destruction of toxic material at the focus 
after the primary increase in digestive activity, (2) lessened suscepti- 
bility of the cells of the body to intoxication (due to the lessened 
permeability), and (3) actual protoplasmic stimulation (from the non- 
specific or specific agent injected, partly from the toxic material 
liberated from the inflammatory focus). This latter factor varies 
greatly and the clinical estimation of the possible degree of this varia- 
tion requires experience and care. 


TUBERCULOUS FOCI 


If we turn now from the vascularized inflammatory focus to the 
tubercle, other conditions confront us. In Schmidt’s paper we find 
the view emphasized that in the general tuberculin reaction we are 
most likely dealing with both specific and nonspecific factors, an opinion 
similar to that which we expressed in a previous paper (7). Schmidt 
had stated this concept as follows: 


But it is probable that in the question of specificity or nonspecificity the 
placing of the one versus the other is a mistake—that it should rather be 
the examination of specificity amd nonspecificity, that is, that both factors 
enter into the reaction and it should be determined how far each factor 
is involved. 


Our concept has been that while the systemic reaction was largely 
nonspecific in that the means used to elicit it need not be specific, the 
focal reaction itself, once initiated, brings in its wake a truly specific 
stimulation because the inflammatory reaction may lead to the libera- 
tion of disintegrating bacterial material and possibly even living bacteria. 
These substances would secondarily lead to a specific response on the 
part of the body.! 


1Jtis this factor that Klemperer (18) in his recent criticism of Schmidt’s claims ‘has 
# ignored. Klemperer found that following milk injections in tuberculous patients they did 
not become resistant to following injections of tuberculin and vice versa. Injections of milk 
bring about a febrile reaction in a large percentage of individuals, and a focal reaction in 
only a limited number of tuberculous patients, just as tuberculin injections are followed by 
focal reactions in an irregular number. If the injection of milk brings about (in the tubercu- 
lous individual) a systemic reaction without focal activation, a following injection of tuber- 
culin may still give rise to a typical general reaction. If, on the other hand, a focal reaction 
results, either by specific or nonspecific means, local tuberculin reactions are suppressed for 
some time following the general reaction. Klemperer is however quite justified, both in his 
i criticism of the local reactions reported by Schmidt following milk injections in tuberculous 
patients and in his views concerning the possible harm from activation of tuberculous foci 
following milk injections. 
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At least three factors must be considered in the mechanism of the 
focal reaction in tuberculosis, apart from the anatomical peculiarities 
of the tubercle as contrasted with other inflammatory processes. 

Specific. These concern primarily a tissue sensitization against tuber- 
culoprotein, strictly specific in character, cellular in its localization 
and not necessarily associated with the older conception that was 
built up about the humoral antibodies. Indeed, I am of the opinion 
that the latter may very well be relegated to a subordinate position in 
the field of tuberculosis. Inasmuch as this subject of tissue sensitiza- 
tion has been extensively discussed by a number of workers, particularly 
by Krause in this country, it will be unnecessary to enter into this - 
phase here. 

General hypersensitiveness of the tuberculous. Granted that the tuber- 
culous focus responds to smaller doses of tuberculin than does a focus 
of nontuberculous origin, how are we to account for the fact in view of 
the practical avascularity of the tubercle? That the specificity concept 
of the immunologist will no longer explain the accumulated evidence 
is to-day acknowledged and Wolff-Eisner accepts the change in our 
viewpoint in a recent paper (11). I can but very briefly enter into the 
more lengthy theoretical discussion that he presents. He first empha- 
sizes the relation that exists between the diet and exudative diathesis, 
defining this latter condition as due to the absorption of proteins and 
protein fragments insufficiently degraded in the intestinal tract, that is, 
a protein sensitization. He then develops the more or less definite 
association of the exudative diathesis and spasmophilia with scrofula. 
While he does not regard the scrofula as the cause of the diathesis, he 
inclines to the definition of Feer that ‘‘scrofula is tuberculosis on the 
basis of exudative diathesis (19).’”? Wolff-Eisner is inclined to the view 
that in tuberculosis there is evidence of an exudative diathesis with 
sensitization against tuberculin and also against proteins in general. 
This latter, which is nonspecific and general in character, accounts, in 
his estimation, for many of the evidences of similarity in the clinical 
course of tuberculosis and those observed in an exudative diathesis. Not 
only is scrofula ‘‘tuberculosis on the basis of a diathesis” but the tuber- 
culous lesion itself, involving as it does the prolonged absorption of 
partially split proteins from the necrotic foci, may ultimately bring in 
its train symptoms that are commonly regarded as due to a diathesis. 
As such, he regards the changes observed in the cornea, skin lesions 
such as the tuberculids, and the decided alterations in the reactivity 
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of the sympathetic and central nervous systems to which Moro, Potten- 
ger and Ferranini have called attention. While we have been familiar 
with the increased nervous lability of the tuberculous individual for a 
long time, we have failed to grasp the dependence of the increased 
irritability on the general hypersensitiveness to proteins. Not only 
does this nervous irritability indicate the close parallelism to the diathesis 
of the child, but the tendency to effusion is also evident in the tuber- 
culous patient: one has but to call to mind the common appearance of 
pleural, peritoneal and joint effusions. The alteration in the vaso- 
motor stability also finds its expression in the frequent appearance of 
urticarial eruptions after tuberculin injections. 

It will be recalled from the previous discussion of the effects of non- 
specific injections on the permeability of vascular endothelium that, 
depending on the dosage or the degree of irritation (or stimulation if 
we wish to use that term), there may result either an increase or a 
decrease in permeability. We may expect that the effect of the tuber- 
culin (or the living virus) will also find some expression in changes in 
permeability in one direction or the other. According to Wolff-Eisner 
we find the clinical demonstration of this experimental observation in 
the effect of the tuberculous invasion of lung tissue, where in one instance 
we find an exudative change, in another an indurative process. 

Plasmadctivation. , The third factor involves the consideration of the 
effects which any nonspecific provocative agent would have on an inflam- 
matory lesion such as the tubercle. The tubercle would react as any 
seminecrotic focus of other etiology would react, were it not for the fact 
that the tubercle is practically avascular. Tubercles react to nonspecific 
injections (or to nonspecific stimuli of other origin) only when they are 
of the exudative type or when the connective tissue delimination of the 
tubercle is either incomplete or exceedingly labile. It is to be recalled 
that, as one of the results of plasmaictivation, proteolytic enzymes 
appear in the serum and in inflammatory foci and that the polymor- 
phonuclear leucocytes are increased in number and in activity. The 
augmented digestive activity results in a loosening of the connective 
tissue defense of the tubercle. If sufficiently intense a typical focal 
reaction (activation, absorption of necrotic material, and systemic 
reaction) can result in this way, just as after stimulation due to specific 
tuberculins. 
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THE THERAPEUTIC APPLICATION OF THE FOCAL REACTION 


Schmidt is of the opinion that the focal reaction, elicited by means 
of specific or nonspecific agents (milk), is of definite value in tubercu- 
losis and together with Krauss cites some twenty odd cases to support 
his view. While it is of course not to be denied that in a very limited 
number of cases this may be true, we are of the opinion that the tubercle 
offers a decided exception to the general rule that the active stimulation 
of a chronic inflammatory focus is of therapeutic value. We have 
pointed out that for vascularized inflammatory lesions such stimulation 
affords a rational method of therapy. In the tubercle we deal with the 
constant danger that the limitation of the lesions, by means of the 
connective tissue encapsulation, may be sufficiently disorganized, so 
that an extension of the process and irreparable injury may result. 
Irrespective, therefore, of the theoretical probabilities that therapeutic 
focal activation may be beneficial, in the tuberculous lesion it is a 
hazardous procedure. Before leaving the subject it must be pointed 
out that nonspecific stimulation of the tuberculous patient (not involv- 
ing local reactions) has been found very useful, both with certain drugs 
(and these include the commonly accepted ones such as creosote, succi- 
nides, arsenicals, etc.) as well as with serum injections such as Czerny 
and Eliasberger have recently reported (20). That the milder non- 
specific injections seem to have a decidedly stimulating effect on the 
metabolism of infants has been previously reported. 

The peculiar therapeutic importance that attaches to the diphasic 
character of the focal reaction has been previously discussed. ‘Through 
the existence of inflammatory foci in various organs the omnicellular 
stimulation, by means of the various nonspecific agents (the ergotropie 
of v. Groer), becomes to a certain extent an organotropie. It is in this 
sense that we must consider the effect of the treatment of general paresis 
by means of tuberculin injections and similar therapeutic measures. A 
combined therapy of nonspecific and aetiotropic agents may be of value 
and experiments in this direction have been reported by Kyrle and 
Scherber (21) who have used milk injections in conjunction with mercury 
in the treatment of syphilis, or the use of milk injections and salicylates 
in the treatment of arthritis, the use of milk injections and luminal in 
the treatment of epilepsy, or the treatment of lupus with tuberculin and 
salvarsan (the latter in this case serving as the nonspecific agent). Our 
older method of treating syphilis with alternating courses of mercury 
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and iodides made use of this form of a combined specific and nonspecific 
method for many years. The nonspecific effect of the mercury is, 
however, not marked. The effect is to be sought rather in the effect of 
the iodides in facilitating the diffusion of the mercury. If a more active 
agent than iodide is used the mercurialization of the patient can be very 
rapidly brought about. 


SUMMARY 


In view of the demonstrated fact that tuberculous foci may react 
to nonspecific stimuli and conversely that nontuberculous foci may react 
to tuberculin, the fallacy of the purely specific concept of the focal 
reaction is discussed. Focal reactions can be classified according to 
the Schmidt scheme as those that occur (1) about inflammatory foci of 
infectious origin, (2) about localized foci endogenous or traumatic in 
origin and (3) on the basis of diathesis. Such reactions take place not 
only after specific stimulation, but after a wide variety of biological 
alterations in the organism. This widened concept of the focal reaction 
would seem to make clear a number of common clinical observations, 
such as the flaring up of gall bladder, appendiceal, arthritic or other 
localized inflammatory foci after remote trauma, vaccination, gastroin- 
testinal disturbance, X-ray exposure, fatigue, chilling, etc. 

The focal reaction, no matter how elicited, is essentially a diphasic 
phenomenon, consisting in an augmentation of inflammation, followed 
by a diminution, and a tendency to complete restoration to the normal. 
In a general way it may be stated that the second phase (positive or 
healing) is closely related to the intensity of the first (or negative) 
phase, that is, the more intense the inflammatory reaction, the greater 
the tendency to a complete restoration to the normal. In this phenom- 
enon lies the therapeutic usefulness of the focal reaction. 

In the mechanism of the reaction two general factors have heretofore 
been largely ignored. These include the effects of the (1) so called 
Plasmaaktivation (Weichardt)—an omnicellular stimulation by means 
of proteins, protein split products and a large number of other sub- 
stances—and (2) the alteration in the permeability of cellular membranes 
(with vascular, nervous, glandular and other effects). 

In the mechanism of the focal reaction in tuberculosis at least three 
factors are involved: (1) a true and strictly specific sensitization of the 
organism, (2) a general hypersensitiveness of the organism against 
proteins and (3) a nonspecific reaction about the tubercle. This latter 
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is of course greatly modified by the anatomical peculiarities of the 
tubercle (avascularity, encapsulation, accumulation of necrotic material, 
resistance of the tubercle bacillus, etc.). Schmidt’s. deduction that 
focal activation in tuberculosis may be beneficial, while theoretically 
defensible, is clinically unwarranted because the reactions are beyond 
our control and the digestive processes incident to the reaction may 
destroy protective connective tissue and result in the dissemination of 
the disease. 

In the therapeutic application of the focal reaction in nontuberculous 
disease, attention is directed to the fact that favorable results have been 
reported from combined nonspecific stimulation and the use of aetio- 
tropic agents. Thus milk injections and mercury (in syphilis), tuber- 
culin and mercury (in general paresis), milk injections and salicylates 
(in arthritis), milk injections and luminal (in epilepsy), salvarsan and 
tuberculin (in lupus), etc., have been reported in this connection. 
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THE IMPORTANCE OF SUBLIMINAL SYMPTOMS AND 
PERIOD OF ALTERNATION OF REST AND EXER- 
CISE IN THE TREATMENT OF PULMONARY 
TUBERCULOSIS 


HENRY SEWALL 


To one whose memory covers an interval of fifty years in the appli- 
cation of methods for the prevention and cure of pulmonary tuberculosis 
human endeavor resembles the up and down motion of waves upon the 
sea. A floating chip would seem, like a pendulum, to get nowhere, how- 
ever violent its oscillations. But careful observation shows that there 
is not a fleeting wave but translates the chip minutely in a definite direc- 
tion, until in time it helps to build the solid coast. 

Fifty years and more ago, vigorous physical exercise and abundant 
pulmonary ventilation were the favorite prescriptions of most who ven- 
tured to advise the ailing ones suspected of tuberculosis. A much 
exploited utensil for pulmonary ventilation was a breathing tube which 
could be carried in a vest pocket. Inserted between the lips, air could 
be freely inhaled to deepest inspiration, but a valve opposed its free exit 
so that the expiratory movement must have sensibly increased the 
intrapulmonary air pressure. There could have been no atelectatic col- 
lapse under such conditions. No doubt many a useful life owed its 
years to such a regimen; but it is more than credible that a silent majority 
mutely suffered the disaster of exercise out of season. Even to-day the 
thoughtful practitioner must often confront the homicidal therapeutics 
left over from that era. 

Then, about the middle eighties, the importance of physical and men- 
tal rest and of the open air life gripped thinking minds, and the remedial 
powers of these measures were worked out in therapeutic laboratories— 
sanatoria. 

Then tuberculin began its checkered career of riotous living. It, and 
the vaccines, and now the proteoses, are edged tools which always merit 
fear, sometimes respect. 

Of recent memory is the brief period of superalimentation, when the 
gain of body weight on the part of a patient was supposed to hold a 
direct proportion to his vital well-being. 
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These salient phases in the evolution of tuberculosis therapeutics are 
mentioned because undoubtedly each had specific value in our conflict 
with disease. 

The present essay is intended as a modest inquiry into the question 
as to whether we are not now in a position to perceive more clearly than 
before the meaning of tuberculous phenomena, to winnow the chaff from 
the wheat in the harvest of therapeutic experience and to deploy more 
systematically than hitherto the useful data of experience in our treat- 
ment of pulmonary tuberculosis. 

To my mind, the most outstanding rational exposition of the forces 
at work in a clinically tuberculous subject is that made ten years ago 
by Marcus Paterson (1); his conclusions then expressed have recently 
been reaffirmed in their logical consequences (2). 

Paterson minimizes the importance of the anatomic lung lesion and 
magnifies the value of pathological intoxication emanating from it. Our 
hard earned skill as adepts in physical diagnosis he would implicitly rele- 
gate to the academic realm of cultural training. At all events, he would 
eschew, as far as possible, all physical examinations, after diagnosis has 
been made, ‘on the ground that they may cause excessive mobilization 
of injurious toxins. Can it be doubted that we ourselves sin repeatedly 
in this regard in our eagerness to trace the course of infections? Have 
not surgeons luminously demonstrated that toxic material when confined 
is harmless, but when transferred to the circulation by whatever means, 
of which the commonest is mechanical pressure or motion, it is fraught 
with danger to the living cells? 

The essential fact disclosed in every useful record of experiment or 
experience is that the one dominant condition in tuberculosis is intoxi- 
cation. Intoxication causes, by and large, all the constitutional symp- 
toms of the disease; and, moreover, wonderful to say, it is the essential 
stimulus that awakens the antagonism of protoplasm to resist the dis- 
ease. We must not be afraid of platitudes. Truth is like an object 
viewed through the microscope; only in a single plane of vanishing 
thinness is it clearly in focus; or it resembles an image on the periphery 
of the retina, good enough for rough perceptions but useless for exact- 
hess until brought upon the fovea. The writer feels that this itself is 
a great truth, since his own experience is full of images which for years 
were mistakenly thought to be clear but which were really obscure, seen 
through a glass darkly, and which now and then suddenly take on a 
sharpness of definition that gives them usable precision. 
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There cannot be one truth of the laboratory and another of the sick- 
bed. The real facts from each arena must match like the blocks in a 
puzzle. The opinion may be ventured that the rational treatment of 
tuberculosis depends upon a workable understanding of those tissue 
responses to intoxication which are characterized as sensitization, desen- 
sitization, anaphylaxis and immunity. Though we know some of the 
conditions of their occurrence, we are far from knowing what they are. 
Only in the laboratory can we properly gain an experimental knowledge 
of their meaning; incidentally in passing, it may be suggested that such 
practical study should be a torch to light the practice of every physician. 

The practical student of tuberculosis must be equipped with a work- 
ing theory if he would systematically help others and, above all, if he 
would help himself to understand. To-day the rubric of his faith is 
Intoxication. Herein is the applied energy of infection through which 
all its good or harm to the body is mediated. No day passes but brings 
to the observer new and astounding evidence that infection is the chief 
genius of clinical pathology, which must be identified and located in order 
to be subdued. 

None but he who himself has harbored an active focus of infection 
can truly grasp the varied power of toxins to plague the soul or cripple 
the body of man. 

If we but grant that the disease, tuberculosis, wreaks its harm through 
accession of specific toxins to the circulation, our clinical study primarily 
reduces itself to the recognition of the symptoms cf intoxication. 
Invaluable for this purpose is the universal, if crude, method of estimating 
the body temperature by the clinical thermometer. As to the technique 
of the procedure, the writer would maintain that for ordinary use the 
record obtained from the mouth is good enough. It will here be assumed 
that for purposes of treatment no rise of temperature is so minute but 
it deserves attention. This would seem to necessarily follow, if we con- 
cede the truth of all modern teaching that the subjection of tuberculosis 
is easy in inverse proportion to the duration of its existence. 

The writer’s individual studies have sought to penetrate the clinical 
history of the tuberculous patient to a biological period far antecedent 
to the gross changes crudely indicated by the clinical thermometer. 
Every patient is apt to develop a chain of specific morbid symptoms 
which announce his own subjection to tuberculous intoxication. It 
seems to me that the individual study of each patient for the detection 
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of his own peculiar symptomatology is an important, perhaps the most 
important, duty of the clinician. 

It would greatly advance tuberculosis therapeusis could some one 
categorically define what, for lack of a satisfactory adjective, may be 
called the ‘‘subliminal” evidences of tuberculous activity. In another 
place (3) I have urged that it is possible to detect a constitutional func- 
tional disability of a very large group of near-invalids, especially through 
study of the blood pressures, people who still can pursue a vocation but 
in distress and without savor. Analysis of the appropriate cases shows 
them to suffer from infection of some kind, and from my own list of sev- 
eral hundred subjects most of them who manifest the symptoms disclose 
to X-ray and properly conducted physical examinations the evidences 
of pulmonary organic changes similar in kind to those found in the lungs 
of the demonstrably tuberculous. 

A large and important group which is not definitely recognized, impor- 
tant because its victims usually consist of people of high intellectual 
organization, may perhaps be best typified by a definite example: A 
man on the sunny side of forty, of high accomplishments in his profes- 
sion, one of absorbing interest and activity, began some eight years ago 
to show signs of breakdown. He recuperated fairly well under a period 
of rest, but return to work again sapped his powers, and the clinical his- 
tory was one of alternate break and repair with gradual mean deteriora- 
tion throughout the years. Examination of the lungs showed evidence 
of active tuberculosis and the sputum developed tubercle bacilli. When, 
for the first time, the pathological condition was fairly grasped, a few 
weeks’ bed rest and a few months’ graduated exercise on alternate days 
removed all the characteristic symptoms of tuberculosis. There was 
great gain in weight; normal temperature; vanishing, bacilli-free sputum; 
and a delightful sense of well-being and great improvement in nervous 
stability. Excessive exercise still takes too much out of him and undue 
use of the eyes is apt to be attended with headache. Radiograms of the 
lungs indicate pronounced development of fibrosis. Can this man safely 
return to his work and how soon? This athletic subject, of medium 
height and weighing 180 pounds, has a maximal blood pressure of 95 to 
105 mm. Hg. In the supine position his pulse pressure maintains the 
low standard of 30 to 32 mm., while standing erect it falls to the near- 
shock level (Erianger) of 15 mm.; at the same time there are perturba- 
tions in the diastolic pressure which suggest vasomotor disturbance. 
My conclusion is that the brain is underfed in the standing posture, and 
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that this anaemia, if imposed upon, will inevitably lead to somatic failure. 
Some regimen must be devised through which the mechanisms of the 
circulation shall be able to achieve and maintain their codrdinations. 

A definite study of this question for more than ten years has con- 
vinced me that so simple a test of constitutional reaction-power as the 
comparison of the arterial blood pressures in the recumbent and erect 
postures often gives the key to failures in physiological resistance which 
are otherwise inexplicable. 

Another highly intelligent patient, whose career has provided a rich 
fund of clinical information, a young man whose disease activity could 
be controlled only by the induction of artificial pneumothorax on the 
right side, has been able to grade his symptoms somewhat according to 
the degree of intoxication while the latter is still not indicated on the 
thermometer. 

These symptoms are more or less completely allayed after injection of 
air into the chest but after a period of about ten days they reappear and 
tend to progress with increasing intensity. Through them it has been 
possible to settle on the most favorable interval for air injection, which 
has been, for some time past, ten to twelve days. The symptoms in 
question are increased cough and expectoration; indigestion, attributable 
to hyperacidity; a feeling of malaise; a diminution of vital energy, 
described as loss of ‘‘pep;” a strained or bilious feeling in the eyes; aching 
pain in the shoulders; finally an actual rise of body temperature appears 
and the patient feels ill. 

Observations upon this patient suggest that there is a very exact 
quantitative relation between the intensity of intoxication and the clini- 
cal expression of symptomatology. Perhaps it is not necessary to say 
that the special therapeutic resort in the amelioration of these, as of 
other symptoms of auto-inoculation, is absolute rest in bed. In an inves- 
tigation now being conducted in collaboration with Dr. S. Swezey, we 
find that tuberculo-intoxication is manageable to a considerable degree 
through regulation of the mobility of the costal parietes, and we have 
been convinced by experiment of the truth of the great conception that 
the management of tuberculosis depends upon the control of auto- 
inoculation. 

The theoretical phthisiologist and the tuberculosis specialist unite in 
the preachment demanding earlier diagnosis of tuberculosis. If an exact 
schedule could be drawn up showing the biological symptoms significant 
of developing tuberculosis, its publication would probably meet with 
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much the same popular reception as did Noah’s warnings of the Flood: 
“For the rain it raineth every day,” so why waste thought over any 
particular rain? 

Abandoning metaphor, it is intended here to advocate the definite 
apprehension, study and treatment of slight symptoms in cases of proved 
tuberculosis of unstable vitality; and especially in the persons of those 
who, for reasons of heredity, environment or idiosyncrasy are supposedly 
especially liable to develop the disease. Every clinician who has led a 
tuberculous patient to an arrest of his disease dreads the hazards involved 
in his return to former occupation amid his old surroundings. It may 
be contended that the all too common fatal relapse of the seemingly 
restored invalid who ventures to resume the normal life might often be 
averted were he carefully instructed as to the nature and treatment of 
the “subliminal” symptoms of his disease. The nice discrimination of 
tuberculosis (significant symptoms amid the indifferent swarm of similar 
quasipathologic manifestations) is an important aim in the physician’s 
education. Far from increasing the complexity of our problem, however, 
such a method simplifies it. The physiologist who experiments with a 
living apparatus finds that its reactions become more mechanical and 


predictable the more exact is his control of the experimental conditions; 
successful scientific research transmutes mystery into mechanics. 


ON ALTERNATION OF REST AND EXERCISE IN THE TREATMENT OF TUBER- 
CULOSIS 


We must now take up an ambitious theme, a consideration of the 
quantitative relations between physical exercise and tuberculous activity. 

As has been pointed out, it was the great merit of Marcus Paterson 
to clearly grasp the idea that clinical tuberculosis is merely a function 
of tuberculo-intoxication. Progress of the disease is due to the pres- 
ence in the circulation of an amount of toxin in excess of the ability of 
the tissues to destroy by physiological reaction. Such toxemia is recog- 
nized by multifarious symptoms, of which fever, though late in the chain 
of effects, is most easily apprehended. ‘The first phase of any course of 
treatment has the aim of reducing intoxication below the threshold of 
pathological disturbance. This purpose to-day is accomplished by physi- 
cal and mental rest, whose most efficient influence probably depends upon 
lessened circulatory activity in and absorption from the tuberculous 
foci. 
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Right here it seems expedient to point out that Rest as opposed to 
Exercise, is not a mere negation, as darkness opposed to light. The 
physiologist admits two great phases of vital power; one, kinetic, chemi- 
cally katabolic, energy evolving. The other is Inhibition, manifested by 
restraint or cessation of activity; often or always chemically anabolic, 
energy accumulating. The known relations of Inhibition to Activity 
are far from complete solution but, though we still fail of a comprehensive 
definition of the former, we must grant that the one entity is as real as 
the other. There can be no doubt that as toxemia reaches its irreducible 
minimum through absolute bed rest, the forces of physiological reconstruc- 
tion in the body are hard at work repairing damage and storing power. 
It is no vain analogy by which the results of rest in disease suggest those 
of inhibition in health. 

But cure of disease and return of the patient to useful occupation can- 
not be achieved except through an active chemical conflict between the 
tuberculo-toxins and the tissues, in which the latter are so far victorious 
as to maintain a structure competent for physiological efficiency. The 
prime object in the treatment of the tuberculous patient is, then, to feed 
his tissues with an amount of toxin which is well within their power to 
assimilate, neutralize, destroy, or what not. 

Paterson accomplishes this purpose through his well known graduated 
muscular exercises. Certain personal experiences, some three years ago, 
led me to the conclusion that in a considerable group of refractory sub- 
jects the induction of exercise could be applied more safely and effectually 
by spacing the exertions on alternate days. The idea was the outcome 
of experience with a young man who carried a sharply circumscribed 
tuberculous consolidation in the upper right lung. With bed rest he was 
symptom-free, but when allowed a daily visit to the bathroom and toilet 
there followed on the third day a sharp rise in temperature; and simul- 
taneously moist rales appeared not only around the tuberculous focus 
but in the sound lung as well, and the patient felt ill. He was quickly 
restored under complete bed rest, but the experience was repeated many 
times within a few months. The therapeutic test with quinine seemed 
to show that the paroxysms were not malarial in origin, and the Widal 
reaction was negative for typhoid fever. Reflection upon these data led 
to this conception: The exertions of the first day’s visit to the bathroom 
mobilized tuberculo-toxins which sensitized, or resensitized, the body 
tissues, but led to no obvious interference with normal metabolism. 
The exertions of the second day accentuated these disturbances and by 
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the third day the hypersensitiveness of the tissues was so increased that 
an amount of toxin previously inoperative caused an ‘“‘anaphylactic” 
explosion. In the terminology of Almroth Wright, each dosage of tuber- 
culo-toxin was given during the “‘negative phase” produced by the pre- 
ceding dose. It seemed obvious that the proper way to treat this case 
was to act on the realization of the fact that the exertions of the first 
visit to the bathroom actually produced a general metabolic effect, 
though this was not manifested by symptoms. The living cells require 
time for the elaboration of their reactions. Given sufficient time the 
metabolic wave set up in the tissues by the tuberculous antigen will 
progress from the trough of hypersensitiveness to the crest of specific 
resistance. The “negative” is followed by a “positive” phase. Experi- 
ments on the guinea pig which will shortly be mentioned, have led me to 
think that forty-eight hours, commonly, is the interval necessary to 
complete the metabolic wave. That is to say, in order to summate tissue 
resistances rather than tissue hypersensitiveness, successive inoculations 
should, in appropriate cases, be spaced at intervals of forty-eight hours. 
This conception was at once put in practice on a tuberculous subject 
who for nearly twenty years had been the despair of my therapeutic 
management. Graduated daily exercise for him had always meant 
graduated fever, terminated by bouts of illness. After securing a normal 
body temperature by rest, this patient was allowed a fair amount of 
exercise on alternate days, with such results that, after a few months, 
he was able to carry on daily a somewhat strenuous routine of garden 
work with only an occasional slight rise of temperature. For the first 
time in his career of many years of invalidism this man’s symptoms and 
well-being have become amenable to command. 

Several other somewhat similar cases could be cited with like results, 
so that for the past two years it has been my habit to require, as a routine 
when possible, rest on alternate days for all new patients, as well as for 
those who show morbid pathological instability, especially as regards 
temperature regulation. Such experiences should appeal to the clinical 
student of tuberculosis and the deductions from them should harmonize 
completely with experimental returns from the laboratory. 


CLINICAL TUBERCULOSIS IN THE LIGHT OF EXPERIMENTS ON ANIMALS 


It is a far cry from man to guinea pig, yet it may be asserted that this 
laboratory animal is a mine of knowledge to the clinician who would 
seek first-hand experimental information on the reactions of immunity. 
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The day is well passed when a clinician of intelligence would venture to 
contemn the teaching of laboratory experiments on the lower animals. 
Infinite as are the varieties of living matter there must be a familial 
chemical unity in all protoplasm, and just as certainly must the funda- 
mental laws of vital reactions bridge the barriers of zodlogical classi- 
fication. 

It may not be out of place to interpose the observation that the prac- 
tical clinician who ventures to deal with the data of developing research 
requires, far beyond the necessity of the purely laboratory worker, the 
faculty of wisdom. Speaking as of a court of law, he must combine in 
one the functions of counsel, judge and jury. For his is the sole responsi- 
bility of determining what newly developed facts illustrate the reactions 
of the human mechanism and what deductions may be therapeutically 
applied with all the probabilities in favor of salutary result. 

Perhaps the most suggestive immunological reactions of the guinea 
pig can be elicited by instilling a liquid antigen into the nostrils of the 
animal. If horse serum to the amount of 0.2 cc. is dropped into the 
nose of a guinea pig there results a twofold sensitization to the horse 
serum. There is caused a general sensitization involving, no doubt, 
all the tissues of the body; but on this is imposed a special sensitization 
confined to the respiratory apparatus. 

It may be said that to obtain a sufficient intensity of sensitization for 
demonstration purposes the nasal instillation of serum should be repeated 
three or four times, and that the special respiratory response is probably 
more constant in animals instilled after having been previously sensi- 
tized by subcutaneous injection of horse serum (4). 

The respiratory response referred to is the production in the sensitized 
animal, within a few minutes of the instillation of serum, of an attack 
of bronchial asthma, curiously similar to the paroxysm as manifested 
in man. ; 

Several facts establish themselves during such a series of observations 
on sensitized guinea pigs; the reactions, namely, depend’(1) upon the 
size of the dose of serum which is administered by the nose; (2) upon the 
time, interval elapsing between the successive doses; (3) upon the irri- 
tability of the animal’s tissues at the time the instillation is given; (4) 
every dose of serum apparently affects tissue irritability and modifies 
its reaction to subsequent instillation; and (5) there is considerable indi- 
viduality in the combination of these factors in different animals. 
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I will elaborate as briefly as possible these laboratory findings, always 
with the view of illustrating thereby the clinical phenomena of tuber- 
culous toxemia. It must be borne in mind that my method of exhibit- 
ing the antigen was peculiar in that it involved no traumatism for the 
animal. The original purpose was to put in play as nearly as possible 
the procedures and mechanisms involved in the production of natural 
infection and natural immunity. 

1. The size of the dose of horse serum instilled into the nose is of funda- 
mental biologic importance. Using an amount of serum as large as 
0.2 cc., the animal could usually be relied upon to become hypersensitive 
to serum, so that about fourteen days after four or more such instilla- 
tions the animal would succumb with anaphylactic death on intravenous 
injection of 0.2 to 0.3 cc. of serum (5). 

In my experience an animal once hypersensitive to this degree is always 
hypersensitive. I have made many and various attempts to render such 
creatures permanently nonsensitive but have always failed. Gay and 
Southard (6) themselves dwelt upon the fact that though an animal may 
for considerable periods apparently lose hypersensitiveness to a given 
protein, sooner or later its tissues swing back to the hypersensitive state. 
But it should be noted that, at least by the method of intranasal inocu- 
lation, it is apparently possible to establish complete immunity with 
little or no evidence of a preliminary stage of anaphylactic response to 
the antigen. 

This is accomplished by instilling very small doses of serum, about 
0.02 to 0.04 cc., into the nostril in tiny droplets. It has been found 
that a guinea pig treated in this way four to six times, on alternate days, 
when given intravenously a toxic injection of serum two weeks or more 
after the last instillation, is not usually disturbed (5). Reinjected after 
another interval of a fortnight the animal may manifest little or no ana- 
phylactic response and the intravenous injections may be repeated 
with lengthening intervals and increasing dosage, up to more than 1 
cc. (8). 

Such an animal has been reinjected after a lapse of more than a hun- 
dred days with hardly perceptible reaction. It may be permitted to 
say here that the blood serum of such a guinea pig contains an immune 
body of. unique character; for its transfer to the peritoneal cavity of a 
normal guinea pig seems able to confer on the animal something like 
active immunity to horse serum (7). 
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2. The resting interval between successive inoculations of antigen is 
important. In my work upon this subject, series of instillations were 
made with intervals varying from a few hours to twenty-four days (8). 
The field is one of extraordinary difficulty and conclusions deduced from 
numerous observations have little more weight than impressions. It 
appeared obvious that a single instillation of serum started immunologi- 
cal changes in the animal. Two instillations separated by intervals of 
one to sixteen days had a pronounced effect, but this modification of 
tissue chemistry gradually wore off. Four successive instillations, with 
intervals of forty-eight hours between, could produce apparently maxi- 
mum resistance against a series of toxic intravenous injections. When 
instillations even so small as 0.02 cc. in amount were given daily, the 
establishment of resistance to toxic injections by the vein was much 
less marked. It is for these reasons that in tuberculosis therapeusis I 
have chosen resting periods of forty-eight hours as the optimum inter- 
val during which, on the average, the negative phase from one auto- 
inoculation due to exercise would pass over into the positive phase of 
increased resistance. It will be noted that we are detailing immuno- 
logical data without the formulation of any theory of immunity. 

3 and 4. The study seems to show that the exhibition of a certain 
amount of antigen may apparently have either of two opposite effects 
upon the sensitized animal. One is to increase and maintain the 
creature’s hypersusceptibility, and the other is to increase its tolerance 
for the foreign proteins. The first effect is illustrated experimentally on 
the guinea pig when the serum dosages are separated only by intervals 
of twenty- four hours or less. Transferring our conceptions to the case 
of the actively tuberculous subject, auto-inoculations from muscular 
exercise when repeated at too short intervals may increase hypersen- 
sitiveness, while the same exertions spaced further apart may increase 
resistance. The student of tuberculosis can find in any clinic dealing 
in surgical infection, especially genitourinary infection, endless wealth 
of illustration for all the immunological phenomena of the pulmonary 
disease. Suffice it here to hold forth the fundamental therapeutic 
conclusion that a sure way to magnify an acute infection, to relight a 
subsiding one or transfer it to distant parts is through indulgence in 
ill-timed muscular exercise. 

The other phase of antigenal reaction, the establishment of increased 
tolerance to the foreign protein, offers more difficulty in its analysis. 
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I may venture to mention a hypothesis that has grown out of the 
personal experiments that have been mentioned, namely, that resistance 
of an animal to the reinjection of a foreign protein may be due to two 
different states of molecular stability. It has been pointed out above 
that immunity of a guinea pig to the intravenous reinjection of a foreign 
serum can be acquired by preliminary spaced injections through a pro- 
longed period. When the initial dosages of serum given by thexnose 
are sufficiently small the first “toxic” injection by the vein may cause 
no disturbance, yet resistance to the repeated inoculation of similar 
doses shows that a certain immunity has been induced. An animal so 
treated has, after the lapse of nearly four months, withstood without 
disturbance the intravenous injection of one cc. of serum. Such a resist- 
ance may resemble what is called natural immunity; it would appear 
to be qualitatively different from that tolerance which may be acquired 
by an animal which, after a large initial dose of serum, becomes so “hyper- 
sensitive” that a second injection of the antigen after two weeks or more 
either kills or prostrates with a more or less intense anaphylactic shock. 
The nonlethal reinjection of serum in this case ‘‘desensitizes” the animal, 
so that for a limited period it may withstand the exhibition of an other- 
wise fatal dose of antigen. But such a resistance is usually brief, a matter 
of hours or days. It is a matter of great practical moment that the 
violence of reaction to the reinjected antigen is determined not only by 
the sensitiveness of the tissues but by the size of the dose. Reinjection 
with a sufficiently small quantity of serum temporarily desensitizes the 
animal, rendering it tolerant of otherwise lethal injections, without pro- 
ducing any signs of anaphylaxis. 

Now the patient with clinical tuberculosis may be said to biologically 
resemble the animal made hypersensitive to a given foreign protein 
through a large initial injection. It would seem plausible that a prom- 
ising therapeutic device for the amelioration of his disease might be 
offered by such auto-inoculations as would set up and prolong states of 
desensitization by intoxications below the threshold of anaphylactic 
sensibility. It is obvious, therefore, that an exact study of the phenom- 
enon of desensitization in all its bearings is of fundamental importance 
to the establishment of scientific tuberculosis therapy. 

As will be seen presently, Krause and his colleagues have experi- 
mentally investigated this subject and their results seem to point defi- 
nitely to the conclusion that a state of anaphylactic shock distinctly 
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lowers the resistance of an animal towards the organism whose product 
is used to produce anaphylaxis, but that anaphylaxis, per se, produced 
by a nonspecific foreign protein, as egg white, does not increase suscepti- 
bility to the propagation of experimental tuberculosis. Once again it 
seems worth while to revert to the suggestion made in a preceding sec- 
tion, that the immunity change produced in a hypersensitive animal by 
reinoculation of antigen is probably, at least, twofold; there is a “‘shock,”’ 
lowering resistance; but there is simultaneously, and possibly quali- 
tatively distinct, a “desensitization,” raising resistance; undoubtedly 
the latter reaction can be isolated by lessening the quantity of antigen, 
and it would seem desirable to pursue observations along this line. 

All this must be harmonized with the apparently irrefragable evidence 
that hypersensitiveness is the sine qua non of acquired resistance against 
infection, a conception which, as regards tuberculosis, has been admirably 
clarified in the teachings of A. K. Krause. In fact, the present discus- 
sion may well appear supererogatory to one familiar with this author’s 
elaboration of the same subject (9), but its inclusion here seems neces- 
sary to unity of design. 

Krause has given us valuable experimental observations on the effect 
of anaphylaxis on the susceptibility of animals to infection. He sensi- 
tized guinea pigs to tuberculo-protein and later induced nonlethal ana- 
phylactic shock with the same protein (10). 

During the shock the pigs were inoculated with a strain of living tuber- 
cle bacilli of low virulence. Also when the disease was established, he 
tested the effect on its course of inducing anaphylactic shock. 

The first experiment gave only “suggestions that the extent of the 
disease was probably increased,’ though he had previously found that 
“resistance to infection is markedly lowered during the period that a 
sensitized animal is suffering from symptoms of anaphylactic shock (11).” 

The second experiment showed that in an animal suffering from a low 
grade of tuberculosis ‘‘a single attack of anaphylaxis does not bring about 
conditions that favor the extension of the disease.” Krause also found 
that the cutaneous hypersensitiveness to tuberculo-protein begins with 
the active general infection; ‘‘it varies directly with the extent and sever- 
ity of the disease,” and ‘‘it is diminished or completely wiped out during 
the period of a general tuberculin reaction” (an anaphylactic phenom- 
enon) (12). In this connection, also, should be considered the inter- 
dependence of different infections as discussed by Krause and Willis 
(13). In the same paper these authors report the following important 
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experiment: Guinea pigs were sensitized to egg white and later inocu- 
lated with tubercle bacilli of low virulence. The pigs were then divided 
into two lots. In one lot the animals were unmolested, but in the other 
they received large injections of egg white at intervals of 4 to 10 days. 
After the third injection of egg white the animals ceased to show ana- 
phylactic response to it. The animals killed after 75 days led to the 
conclusion that ‘‘repeated protein intoxication, following upon infection 
with a comparatively avirulent tubercle bacillus, did not appreciably 
alter the animal’s resistance to this microérganism.’”’ It does not, of 
course, follow from these results that repeated intoxications with tuber- 
culo-protein would likewise prove negative to the course of an implanted 
tuberculosis. 

Recently, also, Krause and Willis (14) took up the question as to the 
effect of local inflammation, per se, in promoting or opposing the fixa- 
tion of tuberculous infection in the inflamed area. Failing to secure a 
satisfactory nonspecific inflammatory excitant, they infected guinea pigs 
with tuberculosis and injected intracutaneously these sensitized animals 
with tuberculin, some on the side of the original inoculation and some on 
the opposite side. Then, during various stages of the inflammatory 
tuberculin reaction they reinjected the animals with virulent tubercle 
bacilli in the reacting skin areas and compared the development of skin 
infection with that in animals treated in exactly the same way but with- 
out the injection of tuberculin. They concluded that if, because of an 
existing tuberculous infection, a guinea pig has acquired a certain degree 
of allergy and immunity, both of these are reduced under the following 
conditions: ‘‘1, They are reduced at the site of an inflammatory tuber- 
culin reaction for at least four days after the application of the tuber- 
culin. 2, They are more reduced by inflammatory tuberculin reactions 
at places which are within the lymphatic drainage area of tuberculous 
foci than at places which are not so situated. 3, They are reduced to 
a greater extent shortly (one to two days) after the application of tuber- 
culin than later (four days after the tuberculin). The part played by 
the inflammation of the allergic reaction, considered purely by itself, 
remains undisclosed.” 

Very recently Auer (15) has developed conclusions bearing on this 
subject. He found that animals (rabbits) strongly sensitized with horse 
serum and then reinjected with the antigen undergo as a result a marked 
change in tissue reactivity towards nonspecific inflammatory irritants. 
Thus, ‘‘The skin irritant, xylol, when applied to the ears of sensitized 
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and reinjected rabbits often causes a severe inflammation with the for- 
mation of crusts and destruction of tissue. Dry gangrene of the entire 
tip may result. 

“The same agent, applied in the same dosage and in the same way, to 
the ears of (1) normal rabbits, (2) normal rabbits injected once with 
horse serum (serum controls), or (3) sensitized but not reinjected rab- 
bits, causes only a mild inflammation with more or less edema. The 
inflammation and edema disappear in two or three days, leaving a prac- 
tically normal ear.’ Auer considers the reaction in the reinjected ani- 
mals as result of local anaphylaxis. ‘‘The inflamed tissues are more 
active metabolically than normal tissues and therefore the inflamed 
cells are affected by more antigen per unit of time than the normal cells. 
A subliminal concentration of antigen for noninflamed, sensitized cells 
may thus become effective when inflamed cells are concerned.”’ 

In a recent paper Watts (16) quotes Calmette to the effect that “‘if 
an animal is given a single small injection of tubercle bacilli, it would 
develop a marked immunity; but if it were given a number of small 
injections at frequent intervals, it died more quickly than the unpro- 
tected animal, showing that reinfection in the period of sensitization 
immediately after primary infection is a peculiarly deadly thing.” 
Watts unfortunately hazards the statement that sensitization is a phe- 
nomenon which is lost soon after primary infection. 

It is not necessary to understand the full significance of all these lab- 
oratory experiments to apprehend that their moving forces are the same 
that determine the course and reactions of clinical tuberculosis. We 
know absolutely that the tuberculous individual is in a class by himself 
in his reactivity to tuberculin intoxication. We confidently believe that 
inoculation of such a person with tuberculo-protein initiates at once 
a biologic response, having two opposite possibilities for the welfare 
of the individual: one is disease, the other is health. Viewed broadly, 
such a union of opposed variables is not a function of pathological states 
alone but is intrinsic in all physiological and psychological reactions; 
but this theme must now rest with the mere suggestion. 

Sir Almroth Wright has given a most useful graphic conception of 
the biologic response to infection in portraying it as a wave which de- 
scends below the base line in a ‘‘negative phase” to represent the lower- 
ing of tissue defense following inoculation with an antigen but which 
normally takes its course upwards into a “‘positive phase” of increased 
resistance, which could not have been realized except as a rebound from 
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the former depression. This graphic conception seems to me to illus- 
trate vividly the actual necessities of tuberculosis practice: the interval 
separating his successive auto-inoculations is of supreme importance to 
the welfare of the patient. An antigen introduced during persistence 
of the negative phase will only send this to a greater depth, but reserved 
till the positive phase is near its crest will tend to raise this to a higher 
maximum. 

It is this conception, growing out of actual clinical experiences, that 
has given occasion for this paper. Paterson put it to a practical test 
more than ten years ago, but no one can pretend that even to-day it is 
generally entertained. 

5. Finally, nothing is clearer in animal experimentation than that dif- 
ferent individuals may vary greatly in their response to environmental 
change, in the violence of their response, for example, to injections of 
foreign proteins. This fact becomes of the highest practical importance 
in study of the human kind. 


SUMMARY AND CONCLUSIONS 


1. Based on the common experience that clinical deterioration due 
to tuberculous disease is not only accompanied but is preceded by more 
or less well-recognized pathological symptoms, it is maintained that on 
investigation each patient will commonly disclose a range of pathologic 
symptoms far less obtrusive than those usually apparent to the physician 
and the recognition of these may lead much earlier than is usual to proper 
treatment. 

2. Based on the fact that auto-inoculations in the tuberculous subject 
may lead to disaster or to cure, depending on the phase of vital reaction 
at which each inoculation succeeds the preceding, it is shown by clinical 
experience and made reasonable by experimental inquiry that the cli- 
nician should take careful account of the length of the rest interval 
between muscular exertions of certain patients. It has been found that 
patients whose symptoms persist when even gentle exercise is taken 
daily may overcome this trouble when exercise is spaced on alternate 
days. There is probably considerable divergence between the length 
of the “‘negative” and of “positive’’ phases of reaction in different per- 
sons and accordingly the spacing of their exercise should differ. 

3. An attempt has been made to draw a parallel between the obscure 
events marking the course of clinical tuberculosis and the immunological 
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reactions of animals in which the conditions of infection and inoculation 
can be experimentally controlled. . 
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ADDITIONAL DIAGNOSTIC METHODS FOR CASES OF 
SUSPECTED INTRAOCULAR TUBERCULOSIS! 


A. H. W. CAULFEILD 
From the Research Division of the Connaught Antitoxin Laboratories, University of Toronto 


The routine type of investigation which I would suggest for these 
cases suspected of being tuberculous etiologically will, I believe, appeal 
to you as a logical method of observation and refinement in diagnosis, 
if I may devote a few moments to certain general considerations of tuber- 
culosis regarded differentially as an infection and as a disease. 

The significance of new data, even though accepted by the profession, 
often fails to affect our real attitude; and we are likely to regard such 
information as academic in value, if it seems to have no practical bearing 
on our cases. This is particularly true regarding the accepted evidence 
which postmortems have supplied us with reference to the high per- 
centage of anatomical tuberculosis and the large proportion of both 
children and adults who will give positive tuberculin reactions. As a 
direct outgrowth of these two lines of investigation, the terms tubercu- 
lous infection and tuberculous disease were introduced as expressive of 
our changed conceptions regarding tuberculosis. On these grounds, if 
we can demonstrate an anatomical lesion, or postulate one on the basis 
of a positive tuberculin reaction but believe that there are no symptoms 
referable to this possible lesion, we call the condition tuberculous infec- 
tion? and imply thereby that the bacilli are dead or nonactive, or the 
lesion is fibrosed and for the moment effectually cut off from the rest of 
the body. The term tuberculous disease we reserve for those cases in 
which we believe the pathlogical lesion to be active and consequently 
in part or wholly responsible for the symptoms. Our usual methods 
of examination—clinical, X-ray, and the tuberculin test—are not suf- 


1 Read before the Section of Ophthalmology and Otolaryngology of the Academy of 


Medicine, Toronto, December 13, 1920. 

? The application of the term, infection in this sense is that condition continuing from the 
subsidence of the disease which is assumed to be coincident with the production of the lesion, 
microscopic or gross, by the original implantation of bacilli. I¢ is not the mere usual meaning 
of being coincident with implantation and take of the bacilli.. 
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ficient to allow us to use these terms in the diagnosis of our cases with 
any degree of certainty: indeed their frequent use presents pitfalls and 
incline us to errors in diagnosis. If we desire to apply this conception in 
the practical diagnosis of clinical tuberculosis and detect those clinical 
lesions at a time when they might be described as close to the border 
line of the nonclinical infection we must devise additional means of 
obtaining information. 

Comparatively recently the British Government? has published one of 
its most valuable investigations which had to do with tuberculous lesions 
found postmortem and the correlated results regarding the presence or 
absence of living bacilli. 

TABLE 1 


To indicate probable state of tuberculous infection; as correlated with postmortem anatomic and 
bacteriological findings in 195 deaths from all causes between 2 and 10 years 


PER 
CENT DISEASE HAD MADE 


Total incidence of tuberculo- 


(1) Anatomic lesion + 

tubercle bacilli appar- 
Progress followed by retrogression 
(2) Anatomic lesion + 

tubercle bacilli cul- 
Essentially progress, with variations in retrogression 
(3) Anatomic lesion 0 

tubercle bacilli cul- 
Unknown progress or retrogression 

(a) Threshold of early progress 

(b) Threshold of early retrogression 


* Remarks under this column have been added to the percentages taken from the table 
in Report 88. 


Table 1, taken in part from this publication, is of special value in 
that it gives a bird’s eye view, so to speak, of the rdle which tuberculosis 
was playing in children whose death from all causes occurred in hos- 
pitals not specially devoted to the care of tuberculosis. The correlated 
bacteriological findings give us proof that even within the first decade 
of life both minimal and gross lesions may be found with and without 


3 Report 88, new series, 1914: (1) The incidence and bacteriological characteristics of 
tuberculous infection in children. Eastwood and Griffith. (2) An enquiry based upon a 
series of autopsies into the occurrence and distribution of tuberculous infection in children, 
etc. A.S. Griffith. Published by Darling & Son, 1914. 
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living bacilli, and that within this time tuberculous disease may be 
altered to that arrested stage which may be regarded as the threshold 
of tuberculous infection, which state in turn we must regard as practi- 
cally the normal condition of the majority of adults remaining free from 
clinical tuberculosis. In another way it supports the findings obtained 
in. children by the use of the tuberculin test, and the conception that a 
positive tuberculin sensitiveness (or test) can only be caused by a definite 
implantation with living bacilli resulting in microscopic or gross lesion. 

The particular percentage among these cases in which either death, 
apparent arrest or complete recovery might have taken place is imma- 
terial: that “apparent arrest” can be demonstrated in a percentage of 
cases during these early years is the important feature. 

This table and the published details of the investigation pleased me 
in particular because, since about 1910, I have steadily attempted to 
record and repeat certain biological tests not only on the positive and 
suspected tuberculous, but upon the intimately exposed and the clini- 
cally normal as well, in the hope that chance might demonstrate the 
value of changes in the biological results thus obtained by some definite 
correlated clinical manifestation. 

Incidentally, the D. S. C. R. chest clinic afforded for the first time 
an opportunity in which it seemed possible to approach the conditions 
which one must regard as the necessary and accessory controls to this 
biological or immunological aspect. 

While it would not have been possible to clinically examine these par- 
ticular children before death with respect to differentiation between 
tuberculous disease and infection, because they were ill in varying de- 
grees from all causes, yet the correlated pathological and bacteriological 
results given in the table serve to demonstrate, I think, the uselessness 
of such an attempt. Yet methods which would allow us to obtain an 
approximately accurate classification between tuberculous disease and 
infection upon these children, for instance, are undoubtedly necessary, 
if such methods are to be of value in an important proportion of the 
cases suspected of intraocular tuberculosis. 

Primarily, as an indication of the possible tuberculous etiology of any 
eye condition, as I conceive it, it will be necessary to differentially diag- 
nose between tuberculous infection and tuberculous disease elsewhere 
within the body. Secondarily, it will be necessary to detect evidences 
of those minimal lesions which are often called sluggish, subacute, or 
low grade, but which to me mean that the margin between host-resist- 
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ance and virulence of infection is very narrow, though probably this 
margin is rarely a constant for long. Granted that definite tuberculous 
disease is demonstrated elsewhere in the body, positive evidence is thus 
afforded the oculist that the suspected intraocular lesion can be tubercu- 
lous, but the: final decision, based upon this data plus his own focal 
observations, must rest with the oculist. 

Before dealing specifically with your problems of diagnosis let me 
return to the general subject of tuberculosis and attempt a speculative 
analysis of these groups of cases with particular reference to the possi- 
bility of arrest of lesion. Or, otherwise expressed, how might one have 
expected these cases in their different groups to have reacted to their 
tuberculosis, had they: not died from other causes? 

In group 1, inasmuch as living bacilli could not be demonstrated in 
many of the gross lesions—in some cases all the gross lesions and else- 
where as well—one can only conclude that the host had got rid of most, 
if not all, of the bacilli, even after they had succeeded in multiplying and 
in producing lesions. Although reinfection clinically might have oc- 
curred in some at a later period, complete recoveries would have been 
accomplished in a percentage of the cases. The clinical diagnosis of 
these lesions would have been dependent to a considerable extent upon 
their size and location, but the differentiation could rarely, if ever, have 
been made between tuberculous disease and infection: it isn’t always 
possible to do this at the postmortem. 

In group 2 death was or would have been caused by the clinical tuber- 
culosis apparently in the great majority of cases. 

In group 3, the most interesting of all, it is of course impossible to 
predict the result. The findings can be interpreted as representing a 
progressing recovery from a microscopic lesion or as representing an 
initial lesion which would have increased and later be found either in 
group 1 or 2. f 

From this attempted analysis it is apparent that, in the majority of 
cases which would have presented difficulties clinically, the differential 
diagnosis between disease and infection is chiefly, if not wholly, dependent 
upon the prognosis. That the terminations or clinical outcome which 
I have suggested for each group are undoubtedly possible cannot be 
denied. Group 1, the group of apparently arrested lesions (and this 
within the first decade of life), supports this; the evidence of healed tuber- 
culous lesions found postmortem in adults and, further, the clinical 
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evidence which we have every day of complete recoveries from exten- 
sive pulmonary lesions force one: to admit this. 

Thus far I have taken a good deal of time to state in a roundabout 
fashion that the result, once the B. tuberculosis: has entered: the tissues, 
is dependent upon the outcome of host resistance. versus virulence of 
infection. May I, however, emphasize this by stating: that,. following 
the implantation (meaning thereby introduction within the tissues from 
any of the: routes of infection) of bacilli we always have tuberculous 
disease, that only through the lapse of time and because of: the host’s 
resistance can this be converted into tuberculous infection. There is 
seemingly no reason why we should not assume that infection. thus 
defined may not be evolved from the microscopic as well as the gross 
lesion. 

When the lesion is gross in character, our usual methods may: allow 
us to detect it.. It may be; however, that the present and past medical 
history in a few such cases will leave one in some doubt. as to the possi- 
bility of activity on the part of the lesion. In acknowledging such a 
contingency one expresses the need of data relative to the. hypothetical 
immunological processes which take place within the host while tuber- 
cle bacilli remain alive or multiply within the lesions. they have: occa- 
sioned. As I have previously mentioned, the etiological character of a 
local lesion (such as an intraocular) is not necessarily tuberculous because 
tuberculous disease can be demonstrated elsewhere within the body. 
The more concise, however, the information regarding the likelihood of 
such a lesion acting as the parent focus, the greater its diagnostic value 
to the oculist. 

When however, after implantation, tuberculous disease persists as a 
comparatively slight lesion and in some state closely allied to that from 
which true tuberculous infection is evolved, there is always the possi- 
bility for the development of foci elsewhere in the body and the difficulties 
of diagnosis must always be great. It would appear to me that it is in 
these cases that intraocular lesions, atypical in appearance, will occur 
and their etiology be determined only by careful investigation. 

When cases are patently tuberculous in the clinical sense there is no 
need for refinements in diagnosis and such can be excluded from the 
discussion to-night. The remaining cases can perhaps for ease of pre- 
sentation be divided as already suggested, into two classes: 

1. Those in which it is possible to demonstrate a definite anatomical 
lesion. Our problem here is to determine whether this lesion is ‘‘dead,” 
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that is, is it, and has it been completely walled off, or, failing that, are 
the bacilli dead? In such circumstances it cannot have acted as a 
parent focus. If the bacilli are not dead and some have been trans- 
planted elsewhere in the body, the resistance or tolerance of the host 
must be high, or otherwise the foci would be active and the amount 
of involvement increasing. | 

2. Those cases in which it is not possible to demonstrate a definite 
pathological lesion, but in which we suspect a more or less minimal 
involvement. Presupposing such a lesion, we must conclude that the 
resistance of the host is high again because of the absence of increasing 
involvement. 

Thus our problems apparently always centre about this immunological 
aspect of resistance. For their solution we need methods of demon- 
strating an etiological relationship between the host and the B. tuber- 
culosis, with regard to the differentiation between tuberculous disease 
and infection, and which must at the same time give some indication 
regarding the specific resultant of host-resistance versus infection- 
virulence; or, otherwise expressed, the diagnosis is contingent upon the 
prognosis. 

The methods which we have now will, I believe, be found to be help- 
ful in this regard; and this type of etiological relationship can best be 
demonstrated by the simultaneous use of three tests, namely, the inhibi- 
tive reaction, the complement fixation reaction, and the quantitative 
tuberculin test. 

The various end reactions which these tests give under different con- 
ditions (immunological or pathological) may be summarized as follows: 

1. The inhibitive reaction has four end results looked at from the 
laboratory point of view. Clinically we can group these as (1) a slight 
reaction and (2) a marked reaction. 

The slight reaction is found in most normal adults, and in those cases 
(clinically tuberculous) whose progress is at the moment distinctly 
unfavorable. 

The marked reaction, among the positively (clinical) tuberculous, is 
found only in those cases which are apparently doing well or whose 
work tolerance is comparatively high. It has frequently been found in 
those for whom at the time it has not been possible to demonstrate a 
definite lesion, although there have been grounds for clinically suspect- 
ing tuberculosis in varying degrees, and it has rarely been found in appar- 
ently normal individuals. If it were not found in these latter two ques- 
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tionable groups, I would long ago have had grave doubts regarding its 
specific value. 

To what extent my present conception regarding tuberculosis is due 
to the results of this test in conjunction with the other two methods 
mentioned, or other experimental data, or general clinical experience, it 
is difficult for me to estimate. For approximately the first 500 cases 
this reaction was the chief feature with which I tried to correlate other 
data. Since the war especially, I have had it available merely as a means 
of additional information on well over 2000 cases, and used in the manner 
suggested by these remarks. 

One does not attempt to bring forward any immunological reaction 
as even approximately indicative of specific resistance to the B. tubercu- 
losis without a great deal of misgiving. From the experimental point 
of view such an interpretation must remain very questionable until 
the reaction can be produced experimentally, and in this way one can 
obtain and regulate the necessary controls. From the clinical point of 
view merely the realization of the uncertainty of attempting to interpret 
in the human subject any apparent change in the symptom complex, 
any change in:the well-being, etc., as evidence of progress or retrogression 
of the tuberculous lesion, would of itself cause one to hesitate long before 
accepting such correlation between a laboratory reaction and clinical 
progress. 

The different types of onset and course met with in tuberculosis, 
including the variations normally incidental to the disease as a glandular, 
as a pulmonary, as an epithelial, or as a serous membrane infection dem- 
onstrate that, for each of these anatomical types, other factors which 
may have little or no relation to specific resistance are also concerned 
in the development of the tuberculous lesions. As a possibly accidental 
and certainly mechanical factor, the character of the lymphatic system, 
as demonstrated by Krause (1) undoubtedly plays a most important 
role in the arrest of bacilli and localization of lesion. In the develop- 
ment of the lesion Foot (2) has shown the important part which the 
endothelial cells play: they migrate to the focus and in proportion to 
this attraction they multiply zm situ and may thus interfere with the 
local blood supply. Necrosis and caseation are in turn influenced by 
this change in the vascular system. ‘These endothelial responses are 
certainly biological in character, but possibly they are only indirectly 
related to specific resistance. 
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Despite this type of data and its undoubted relation to the develop- 
ment of clinical tuberculosis, the dominant factor is still specific resist- 
ance, and all my evidence goes to show that the marked inhibitive 
reaction is specifically bound up with, or accidental to, a grade of resist- 
ance on the part of the host which is evidenced clinically by a compara- 
tively nonprogressive type of the disease. Expressed as a hypothesis 
it would seem that following implantation of the bacilli a marked in- 
hibitive reaction will be obtained if the specific resistance of the host in 
contrast to the virulence of the infecting bacilli is high. That this mar- 
gin of comparative safety may vary during even a subacute type of the 
disease would seem to be the explanation of the comparatively rapid 
changes in the reaction which will occasionally be found under varying 
circumstances. Clinically this is undoubtedly what one expects and 
finds. Again, in cases which have been followed from definite (or in- 
ferred) clinical tuberculosis to apparent arrest or better, the marked 
reaction is comparatively rapidly replaced by the slight reaction, so 
that one can state that the marked reaction is seemingly obtained only 
in clinical tuberculosis, which at the time is one of favorable prognosis. 
These will include those cases in which the lesion can be demonstrated, 
and also those in which the presence of the lesion is inferred and can 
only be regarded as a matter of individual opinion. 

The possibility of technical errors incident to the performance of the 
test in the laboratory is such that I would place the percentage of experi- 
mental error for the inhibitive reaction as higher than that obtained 
with the complement fixation reaction. 

2. The complement fixation reaction from the laboratory point of 
view is obtained in varying degrees of positiveness from a doubtful to a 
strongly positive (or four plus) reaction. 

Clinically it may be positive at any time during or subsequent to the 
active duration of the disease. Among the definitely tuberculous there 
is a slight preponderance of unfavorable cases giving a positive result, 
in particular those giving the strong or four plus end reactions. This 
characteristic would, I think, be much more apparent if we excluded 
those cases in which it is not possible to demonstrate a lesion, as well as 
those cases which on other grounds one would classify clinically as 
“‘quiescent,” ‘‘apparently arrested,” or “arrested,” etc. Regarding 
these two latter groups, the “‘lesionless’’ and the “arrested,” there is 
this to remark, that frequently with the disappearance of the marked 
inhibitive reaction a positive complement fixation appears and persists 
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for a long time. Cases with and without a definite anatomical lesion 
have been followed in which this sequence of biological reactions has 
been noted. 

It is probably this fact—the persistence of a positive complement 
fixation after the detectable activity of the tuberculous lesion has appar- 
ently subsided—which has prevented this test from being regarded as 
a. reliable aid in the diagnosis of clinical tuberculosis. Yet it is this 
particular characteristic of the test which, when combined with the 
inhibitive reaction, so enhances its value. Thus in an “apparently 
arrested” case, with demonstrable anatomical lesion, the appearance of 
a positive complement fixation reaction (this test previously being nega- 
tive) has repeatedly been found to correspond chronologically with the 
disappearance of clinical evidences of activity (or the disease per se) and 
with the continuance of favorable progress. So in cases in which no 
anatomical lesion could be demonstrated the appearance of this reaction 
may be regarded as of similar diagnostic value to the positive tuberculin 
test in infancy and early childhood; or, otherwise expressed, as an evi- 
dence that the B. tuberculosis has produced comparatively recently at 
least a minimal lesion which—while the activities implied by the term 
lesion lasted—was true tuberculous disease. As such, the condition 
would be clinical tuberculosis except that the diagnosis could not be 
made: because of the lack of sufficient evidence. 

In these cases—the “‘arrested’’ and the “‘lesionless’—the comple- 
ment fixation reaction is frequently of but slight or doubtful degree. 
Such results would necessarily have to be regarded as possibly due to 
technical error, especially if obtained initially; but, where the case had 
previously been fully investigated, such end reactions can be regarded 
as true because of the chronological sequence of both reactions in corre- 
spondence with the clinical course. 

Relative to experimental error this feature is to be noted; that in the 
same serum the nonspecific serological factors favoring a positive com- 
plement fixation reaction are such that they tend to prevent the marked 
reaction being obtained with the inhibitive technique. Thus the possi- 
bility that a technical error is responsible for both a doubtful comple- 
ment fixation reaction and a marked inhibitive reaction in the same serum 
is almost nil. ; 

Correlated with the frequent persistence of a complement fixation in 
a supposed clinically arrested case is the fact that a positive complement 
fixation reaction is readily produced in animals by the injection of sim- 
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ple extracts of the B. tuberculosis. It is not necessary either to induce 
a tuberculous lesion or inject living or even whole bacilli. 

The possibility of experimental or technical error incidental to the 
performance of the tuberculocomplement fixation test may be approxi- 
mately represented by stating that it bears to the Wassermann reaction 
the same increased percentage of technical error which the inhibitive 
reaction bears to it. In other words the reliability, from the purely 
technical point of view and with regard to the separate serological fac- 
tors concerned, of the end results obtained in the laboratory with these 
three tests is in the following order—the Wassermann reaction, the 
tuberculocomplement fixation reaction, and the inhibitive reaction. 

3. As regards the tuberculin test, my own preference is distinctly in 
favor of the intracutaneous test which I use quantitatively, carefully 
record, and repeat after an interval of from three to six weeks or longer. 
The purpose of this repetition is merely to demonstrate whether or not 
any change in the degree of sensitiveness has taken place within the 
period of time elapsed. Theoretically, I have felt that any marked 
change in sensitiveness could only be obtained in cases which were 
clinically tuberculous. The results can hardly be regarded as absolute, 
but any marked variation in sensitiveness would to me be very sugges- 
tive of tuberculous disease in Contrast to infection. 

The use of the phrase, positive tuberculin test, is merely a convenient 
method of stating that there is evidence of positive specific sensitiveness, 
the exact degree of which is not expressed. As this range of sensitive- 
ness may vary many thousandfold, and as in its lowest degrees its pres- 
ence may be questionable, it is important that the result should not be 
merely noted as positive or negative, but that the degree of sensitiveness 
should be recorded. In the interpretation of the physical signs obiained 
by clinical examination of a patient we rely in varying degrees upon the 
past medical history; so in like manner the interpretation of the biologi- 
cal data obtained to-day would undoubtedly be of more definite clinical 
significance were the results of these reactions performed previously 
available for comparison. 

I have adopted this method of using the tuberculin test because, in 
my opinion, the result of a single test is practically valueless from the 
standpoint of diagnosis. I believe this chiefly because (1) a proved 
negative result will not exclude clinical tuberculosis, as has been shown 
by positive cases doing well and making an “apparent arrest;” nor (2) 
is a marked degree of sensitiveness necessarily indicative of clinical tuber- 
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culosis, or necessarily recent tuberculous disease in contrast to tubercu- 
lous infection. 

These remarks are of course to be modified for early childhood. They 
are to be modified for this age because a positive tuberculin reaction in 
adults of itself indicates only that tubercle bacilli have in the past been 
implanted within the host, and that the host has reacted. It does not 
give any indication of the outcome subsequent to the initial reaction. 
But, if this implantation and reaction can have taken place only within 
a few years, as in childhood, it naturally acquires greater significance 
than in the adult. 

The general and focal reaction I should think would be of considerable 
diagnostic value in intraocular tuberculous disease. I have not however 
found it so in pulmonary lesions. A focal reaction will be produced 
only in the presence of a general reaction, and.for this reason there are 
certain natural objections to it. If its use is decided upon, the degree 


TABLE 2 
Relations between the several reactions and underlying etiological and clinical factors 


CAUSATIVE, PATHOLOGICAL OR CONDITIONS GOVERNING APPEARANCE AND 
IMMUNOLOGICAL LESION DISAPPEARANCE 


Maintained indefinitely (many years) 
In tuberculous disease, indefinitely (with 
rare exceptions) 


Positive tuberculin | A. Positive sienna 


sensitiveness lesion (accepted) In tuberculous infection,* indefinitely 
(with rare exceptions) 


A. Positive tuberculous)| A. Temporary or persistent throughout 
lesion (accepted) course of disease (in approximately 
50 to 70 per cent of cases) 
B. Injection of extracts|| B. May first appear or persist during de- 
Positive tuberculo- of bacillus tubercu- velopment of infection 
complement fixa- losis (proved) ] 
tion reaction C. Absorption of by pro- 
ducts of tubercu- 
lous lesion in which 
bacilli are dead (as- 
sumed) 


A. During course of disease when work 
tolerance (or resistance) is compara- 
Marked inhibitive | A. Positive tuberculous tively high 
reaction lesion (assumed) B. Disappears at onset of a severe flare 
up 
C. Disappears at threshold of infection 


* The term infection has the same application as defined in the body of the paper. 
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of tuberculin sensitiveness, as ascertained by one of the cutaneous 
methods, will give one an approximately accurate clue to the amount 
which will be required to produce the general and consequently the focal 
reaction. At any rate, in this way one is not likely to induce an exces- 
sive and unnecessary general reaction with the dangers that might 
accompany this. 

In table 2 I have attempted to graphically represent the circumstances 
under which these reactions may be produced etiologically and the sub- 
sequent clinical conditions under which they may disappear or persist. 

A recapitulation of what I have tried to present as additional diag- 
nostic methods for cases of suspected intraocular tuberculosis might be 
put as follows: 

A. With regard to the methods themselves: 

1. A careful clinical and, frequently, a stereoscopic examination. 

2. The simultaneous use of the three tests, namely, ‘the inhibitive 
reaction, the tuberculocomplement fixation reaction, and the estimation 
of the degree of tuberculin sensitiveness. 

3. The repetition of these tests, and if the diagnosis still remains 
in doubt the additional use of the general and focal reaction to tuber- 
culin. 

B. With regard to the interpretation: 

1. The presence of a marked inhibitive reaction together with slight 
or even doubtful complement fixation is in my opinion an absolute indi- 
cation that the patient has an active tuberculous lesion, as well as a 
comparatively high work or resistance tolerance. 

2. With a marked inhibitive reaction alone I would hesitate to place 
upon it the same amount of reliance, chiefly because of the greater possi- 
bility of the technical error. Here of course the degree of the end reac- 
tion is of importance. 

3. With a positive complement fixation reaction alone the degree 
of the reaction is of importance. A strongly positive result almost 
excludes the possibility of technical error and is of corresponding diag- 
nostic value, but it is comparatively rare that this degree of reaction 
will be found in cases in which there would be any clinical doubt regard- 
ing the diagnosis. The slight and even doubtful reactions, when true 
results, have frequently the clinical value in adults which we give to a 
positive tuberculin test obtained in very early childhood, and as such 
they must be considered as part of the clinical precis. At the same time 
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however, the greater possibility of technical error must be considered in 
these mild and especially the doubtful reactions. 

4. In the event of certain of the ‘indecisive’ results indicated in 
2 and 3, the tests should be repeated, and if the reactions are unchanged 
they should be considered as suggestive only and taken together with 
the clinical data and with the ‘history of the subsequent course of the 
case. 

5. Any marked variation in the degree of tuberculin sensitiveness 
should be considered as suggestive of tuberculous disease rather than of 
infection. 

6. If the repetition of these tests gives the same “‘negative’’ results, 
namely, a slight inhibitive reaction and a negative complement fixation 
reaction, the data should be regarded as of increasingly exclusive value 
in proportion to the number of such results, and the length of the 
period of observation. 
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THE ADRENALS AND THYROID IN EXPERIMENTAL 
TUBERCULOSIS 


G. B. WEBB, G. B. GILBERT ann C. T. RYDER 
Colorado Springs, Colorado 


Last year, in connection with some experiments on tuberculosis in 
guinea pigs which had had one adrenal removed, we reported an increase 
in the weight of the adrenals in animals with generalized tuberculosis, 
as compared with nontuberculous animals, occurring both in the hyper- 
nephrectomized pigs and the controls (1) (2). We added, ‘‘ This suggests 
a demand for increased adrenal function in tuberculosis, and calls for 
further experiment with a larger number of pigs and a more complete 
record of body weights.” 

During the last eight months we have kept a record of the adrenal 
weights and body weights of numerous unselected tuberculous and non- 
tuberculous guinea pigs. We have analyzed these figures at intervals, 
and the results have been so constant that it seems unnecessary to wait 
longer before reporting the confirmation of our former inference. The 
results are given in tables 1 and 2. 

These figures make the following facts very clear: 

1. That there is an increase in the absolute and relative weights of 
the adrenals in the progress of tuberculous disease in these animals, 
and that this is real, not apparent, that is, it does not depend on changes 
in body weight. 

2. That a similar enlargement occurs in other infections (pyogenic 
abscesses and septicemia). 

The left adrenal averages somewhat heavier than the right, but it 
did not seem desirable to complicate the tables with these unimportant 
data. 

We have not found any specific changes in the microscopic picture of 
the enlarged adrenals. There is perhaps a slight hyperemia, but this 
is hard to prove in an organ normally so vascular. The medullary 
tissue does not seem to be increased; if there is true hyperplasia, rather 
than the mere cellular hypertrophy and increased blood supply of active 
function, this hyperplasia is probably cortical. Cortical hyperplasia 
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TABLE 1 


Summary of experimental data 


NUMBER OF 
GUINEA PIGS 


AVERAGE 
WEIGHT OF 
BCTH 
ADRENALS 


AVERAGE 
WEIGHT OF 
BOTH 
ADRENALS 
EXPRESSED 
IN PER CENT 
OF BODY 


WEIGHT 


per cent per cent 


Nontuberculous, all 0.071 9 

Nontuberculous, with pyogenic in- 
fections 

Nontuberculous, emaciated, no pyo- 
genic infection 


Normal 


0.084 29 


0.107 65 
0.065 


0.079 
0.133 
0.074 


Tuberculous, all 
Tuberculous, emaciated 
Tuberculous, not emaciated 


Tuberculous, not emaciated, killed 
less than 6 (average 4) weeks after 
inoculation 

Tuberculous, not emaciated, killed 6 
to 15 (average 10) weeks after in- 


0.067 


0.079 


TABLE 2 
Comparison of tuberculous and corresponding nontuberculous groups 


RELATION OF 
PER CENT AD- 
RENAL WEIGHTS 
IN TUBERCU- 
LOUS GROUP TO 
PER CENT AD- 


AVERAGE 
WEIGHT OF 
BOTH 
ADRENALS 
EXPRESSED 
IN PER CENT 
OF BODY 
WEIGHT 


AVERAGE 
WEIGHT OF 
BOTH 
ADRENALS 


AVERAGE 
BODY 
WEIGHT 


NUMBER OF 
GUINEA PIGS 
RENAL WEIGHT 
IN CORRESPOND- 
ING NONTUBER- 
CULOUS GROUP 


per cent 
0.071 
0.079 


per cent 


Nontuberculous, all 


Tuberculous, all 111 


0.065 
0.074 


Nontuberculous, emaciated, no 
pyogenic infection 
Tuberculous, emaciated.......... 


0.107 
0.133 


Nontuberculous, with pyogenic 
infections 


0.084 
0.079 


AVERAGE PER CENT 
INCREASE 
- 
grams grams 
25 592 0.388 
es 23 584 0.463 22 
3 362 | 0.483 105 
bnasieeeee 20 618 0.46 14 
595 0.4 | 3 
633 0.5 a 22 
GROUP 
grams grams 
Tuberculous, not emaciated...... 20 618 0.46 114 
| 32 | | 
3 362 0.483 124 
| 
23 584 0.463 94 
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has been reported by Stilling, and confirmed by Crowe and Wislocki (3), 
in the compensatory hyperplasia which follows removal of one adrenal, 
or part of one. Similar cortical hyperplasia has been reported by Biedl 
as occurring in pregnancy. Calmette (4) mentions enlargement and 
congestion of the adrenals as a feature of fatal poisoning in tuberculous 
guinea pigs. 

In only one instance have we found tuberculous lesions in the adrenals. 
This was in a case of overwhelming general tuberculosis with emaci- 
ation, following intraperitoneal inoculation. The lesions were in the 
medulla. 

We have no direct evidence bearing on the behavior of the adrenals 
in human tuberculosis. We have already referred in our former paper 
to the observations of Sergent (5) on the beneficial effects of adrenalin 
in asthenic tuberculous patients, and we have verified this in our own 
clinical experience. Crowe and Wislocki point out that since it is 
the cortex which enlarges to meet an adrenal insufficiency, and since 
the cortical tissue is limited to the adrenals, while the chromaffin tissue 
of the medulla occurs elsewhere as well, it would be more reasonable in 
““cases of acute and chronic infection with symptoms suggesting adrenal 
insufficiency,’ to give an extract derived from the cortex, instead of 
adrenalin, which is derived from the medulla. They noted focal necroses 
in the cortex of a dog with reduced adrenal tissue and a chronic infection, 
and make the suggestion in consequence of this observation. Their 
experiments lead them to believe that there is some sort of interrelation, 
not only between the adrenals and the other endocrine glands, but also 
between the adrenals and the lymphoid tissue. 

All study of the endocrine glands emphasizes their codrdination as 
parts of a system of autotherapeutics which we crudely endeavor to 
imitate and reinforce with our stimulants and sedatives. This fact 
leads us to refer briefly to some former observations on the thyroid 
in tuberculosis. In 1915 two of us (Webb and Gilbert) carried out 
some experiments on this subject. These were outlined in a general 
discussion of immunity:in tuberculosis (6), from which we may quote 


here: 


A small number of experiments were undertaken to study the effect of the 
removal of the thyroids upon tuberculosis in guinea pigs. Portions of the 
thyroid gland varying from three-fourths to the whole amount were removed 
under ether. Under similar conditions, the thyroids of the control pigs were 
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exposed but not removed. Four weeks later each pig received in the nipple 
area a subcutaneous inoculation of forty living virulent human tubercle bacilli. 
The general results may be briefly summarized as follows: 

Series A. Three-quarters of the thyroid tissue was removed: 

1. The general appearance and condition when killed was strikingly differ- 
ent. While the control pigs were thin and emaciated and dying, the others 
were fat and healthy in appearance. 

2. The amount of tuberculosis produced did not differ materially in the two 
sets of pigs. 

3. Local lesions were more frequent and prominent in the controls. 

4. Hyperemia of the remains of thyroid tissue was noted at autopsy. 

Series Band C. All thyroid tissue was removed: 

1. The extent and distribution of the tuberculosis were not affected. 

2. The pigs without thyroids showed marked signs of myxedema. 

In general, tuberculous guinea pigs which have been killed during the course 
of the disease have shown enlargement of the thyroid gland. 

The influence on the course of established tuberculosis was also studied. 
The tuberculous pigs from whom the thyroids were removed died earlier and 
had more extensive tuberculosis than the controls. 

These experiments would seem to suggest that in tuberculous infection in 


guinea pigs the thyroid gland tends to hypertrophy but that any decided 
bearing on immunity processes is not detected. 


As regards the thyroid, clinical observations are somewhat more 
satisfactory than in the case of the adrenals. Nearly twenty years ago 
Turban (7) wrote, ‘‘A concomitant of the first stage of tuberculosis of 
the lung is a slight swelling of the thyroid gland, which I have noticed 
in a fifth of my cases in the first stage; more rarely later in the disease.”’ 
Stanton (8) in 1905 referred to this early enlargement, with symptoms 
suggesting hyperthyroidism. 

In connection with the report of our experiments, the following 
statement was made, “‘An enlargement of the thyroid gland is very 
frequent in early stages of pulmonary tuberculosis, whereas in late 
stages of the disease this gland would appear to share in the general 
atrophy. When enlarged, it is generally soft to the touch.” 

In 1917 Strouse (9) stated that signs of hyperthyroidism are common 
in early stages of pulmonary tuberculosis, but disappear as the lungs 
clear up. Recently, Courland (10) has reported hyperplastic changes 
in the thyraid in acute tuberculosis, hyperplastic and sclerotic changes 
in chronic tuberculosis, and sclerosis in cured tuberculosis. He seems 
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inclined to attribute a tuberculous tendency to persons with hyper- 
thvroidism (11). 

It seems more probable to us that this increase in the size and 
function of the thyroid is a phase in the marshalling of the body’s 
defensive forces against the invading disease. At the Mayo Clinic, 
where vast numbers of cases of exophthalmic goitre are treated, it has 
been observed that tuberculosis is much rarer in persons with this disease 
than in the general population (12). Thyroid extract, as well as adre- 
nalin, or an extract of whole adrenal, or of adrenal cortex, might well 
be beneficial to some of our tuberculous patients, and it seems desirable 
to give this accessory to the treatment of tuberculosis a trial, beginning 
with minute doses. 


CONCLUSIONS 


1. The adrenals become enlarged in guinea pigs in the course of 
generalized tuberculosis, and also in pyogenic infections. 

2. The thyroid gland also appears to enlarge in experimental tuber- 
culosis of guinea pigs, as well as in certain forms of human tuberculosis. 

3. This enlargement of adrenals and thyroid is probably in response 
to a demand for increased function, and it may be desirable to supple- 
ment this tendency by giving adrenal and thyroid extracts in selected 
cases of human tuberculosis. 


This study has been made possible through the generosity of Mrs. B. C. Allen of Col- 
orado Springs. 
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PRESIDENTIAL ADDRESS 
TUBERCULOSIS; THE RATIONALE OF RESEARCH 


GERALD B. WEBB 
Colorado Springs, Colorado 


We look on nature with our eyes, not with our reason. 
Truth lies deep, and must be fetched up at leisure —SENECA. 


To-day gives me the first opportunity to thank you for the great honor 
you conferred last year in making me President of The National Tuber- 
culosis Association. The gift is the highest that can be received by one 
working in this field, and after twenty-five years of work in tuberculosis, 
gratitude, “‘the fairest blossom which springs from the soul,” is your due. 

The great world calamity through which we have passed, so far in 
safety, has led many to inquire where civilization now stands, and what 
is its future. Tuberculosis also, a concomitant of civilization, may well 
be reviewed in similar fashion at this time. We must frankly state our 
knowledge of the disease, and also the extent of our ignorance regarding 
tuberculosis, so that we can more wisely guide the efforts made in pre- 
vention and cure, and direct research to bring further enlightenment. 


THE PRESENT STATE OF OUR KNOWLEDGE 


Confucius said, “When you know a thing, to hold that you know it; 
and when you do not know a thing, to allow that you do not know it; 
this is knowledge.” Let us briefly analyze our knowledge of tuberculosis 
in the spirit of this definition, considering first the things we know, then 
the things we do not know. 

We know: 

1. That tuberculosis is infectious, in origin parasitic. 

2. That it is caused by a specific microérganism, the tubercle bacillus. 

3. That certain more or less characteristic tissue changes in the victim 
occur in its course. 

4, That the conflict between bacillus and host often ends very early 
in favor of the host—so early that the presence of the disease is not 
suspected during life. 
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5. That in the majority of the cases which are recognized clinically, 
the disease shortens life. 

6. That its morbidity and mortality rates are still high throughout 
the civilized world. 

7. That there are symptoms and signs, some or all of which are 
present in recognized cases. é’ 

8. That exhaustion and malnutrition in the host contribute to the 
development of the disease, while rest and adequate feeding favor 
resistance. 

9. That of all the countless remedies proposed, REST alone has 
stood the test of time. 

10. That a tuberculin reaction indicates at least infection and invasion 
by the tubercle bacilli. 

We do not know, or do not know thoroughly: 

1. The biology of the parasite, how simple or complex, constant or 
variable is its life cycle. 

2. The significance of variations in the parasite, as the human or 
bovine strains, their relation to each other and to the production of 
disease in various hosts. 

3. The explanation of virulence and resistance, and the relative 
importance of these factors and of dosage in the development of the’ 
disease. 

4, The réle of family and racial heredity. 

5. The relative importance of various modes of exposure and portals 
of infection. 

6. The truth about such alleged predisposing factors as influenza 
and children’s diseases. 

7. The effect on the disease of syphilis or other coexisting infections. 

8. The physiology of defense, and the part played in it by body 
fluids and special cells (for instance, the various leucocytes), tissues 
(for instance, lymphoid), and organs (for instance, adrenal and thyroid). 

9. The absolute and relative frequency of healed and active tubercle, 
and the amount of variation of these figures in different localities and 
classes. 

10. The occurrence of healed tubercle among savage races, and in 
young children, to whom tuberculosis is a new disease. 

11. The relation of infection and lesion to immunity. 
12. The effect of mental states on tuberculosis. 
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13. The effect of tuberculin, and the indications for its use in treat- 
ment, as well as the indications for rest, occupation and diet. 
14. The possibilities of protective vaccination, and of chemical 


therapy. 
15. The significance of mixed infections, and the factors concerned 


in toxaemia. 

16. The effect of the antituberculosis campaign and the relative 
importance of its various phases. 

17. The clinical aspects of childhood infection, how to recognize 
this beginning infection, and how to safeguard the children until its 


arrest. 
The list is not exhaustive, but serves to illustrate the little we know 


and the much we need to learn. 


THE NEED FOR FURTHER RESEARCH 


All will I believe agree that epoch-making discoveries in this disease 
have been limited to those of Laennec on the unity of the disease and 
the methods of its diagnosis, of Villemin on its infectiousness, of Koch 
in the discovery of the tubercle bacillus, of Pirquet in the application 
of tuberculin to the skin test, and of the surgeons and physicians who 
first applied the principles of rest and fresh air. 

It has seemed remarkable that in the past half century there have 
not been a score of laboratories in the world engaged in research work 
to add to our knowledge of tuberculosis. The tendency of the times 
has been to investigate diseases which gave promise of quicker solution, 
and to leave these more difficult problems to a few undaunted workers, 
themselves often its victims. Education of the people and of the pro- 
fession, in what we know of the disease, must still be our first and fore- 
most weapon. We cannot however stand still in our lack of knowledge, 
but we must definitely encourage progress by research. 

We read that ‘Experiment, experiment” was the burden of Roger 
Bacon (1210-1293), but not till the fifteenth century did his ideas 
produce their first fruits, when Leonardo da Vinci could say, “‘Experi- 
ment never deceives. It is only our judgement that goes astray, when 
we make deductions not inherent in the former.” A “Renaissance” 
is badly needed in our research efforts in tuberculosis and it is to be 
hoped that just as, when “the sixteenth century dawned, and the world 
recovered from the storm of social trouble that had followed the pesti- 
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lences of the fourteenth century, Western Europe broke out into a 
galaxy of names that outshine the utmost scientific reputations of the 
best age of Greece,’ so may we be privileged before long to encourage 
and proclaim a new Jenner or Pasteur in vaccination against this disease, 
if not a Behring or Ehrlich in its cure. 

In the first presidential address of Dr. Trudeau, we read, ‘““The scien- 
tific study of tuberculosis offers so broad a field, and one requiring 
observations extending over such long periods of time, that special 
permanent endowments solely for researches in tuberculosis, which 
would enable experimentation in this field to be carried on continuously 
through a number of years, are greatly needed.” And again, “But it 
is mainly to laboratory research work that we must look for the solution 
of many of the as yet unsolved problems of tuberculosis, and for the 
advance in our methods of prevention and treatment.” 

The nations recently engagedin the World War unhesitatingly poured 
out their wealth to find new methods of destruction and to counter 
such methods of their enemies, yet not one has thoroughly encouraged 
any attempt to counter the terrible devastations of the tubercle bacillus, 
whose victims number hundreds of thousands yearly. in almost -every 
civilized country. 

You will learn with pride that during the past year The National 
Tuberculosis Association for the first time in its history has attempted 
to aid and encourage a few laboratory workers whose efforts to increase 
our knowledge have given promise. Some support has been given 
previously to research of a sociological nature. This is only a beginning, 
yet it may serve to stimulate others to give help. What more glorious 
service to mankind could many rich men or women be connected with 
than the providing of money for scientific work in tuberculosis? “But,” 
to quote Wells again, “as scientific men tell us continually, and as 
‘practical’ men still refuse to learn, it is only when knowledge is sought 
for her own sake that she gives rich and unexpected gifts in any abun- 
dance to her servants. The world of to-day is still much more disposed 
to spend money on technical research than on pure science. The 
business man of today still thinks of research as a sort of alchemy.” 


SOME INDIVIDUAL POINTS OF INTEREST 


So much for my main thesis, the limitations of our knowledge and 
the great need of increasing it. Some points of special present or peren- 
nial interest now deserve individual mention. 
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Sixteen years ago, in the address referred to, Trudeau declared his 
faith that a method of preventive vaccination would be found. We 
find this same hopefulness expressed in the presidential address of Dr. 
Vaughan last year, as well as his hope that the National Association 
would be able to help such investigators financially. Colonel Bushnell 
also, in his recent excellent work on Epidemiology, expresses the belief 
that in time nature’s rough and wasteful methods of protective vaccina- 
tion may be replaced by a safe and scientific method of inoculation. 

There has been recently in this country, and in other parts of the 
world, wherever there is not decided malnutrition, an unusual drop 
in the death rate from tuberculosis. At present we have no explanation 
to offer for this phenomenon. We may at least claim that part of this 
decline is due to the work of the National Tuberculosis Association. 
We have confirmation of this conjecture in the reports of The Metro- 
politan Life Insurance Company. By measures similar to those of our 
association, this company has greatly reduced the morbidity and mor- 
tality from tuberculosis among its policy holders. It is exceedingly 
difficult to state to which part of the work of the Association such 
benefits may be due. Some will attribute them to the campaign and 
gospel of right living, rather than to antispitting laws, registration, 
dispensaries and sanatoria. While it is true, as Baldwin said in his 
presidential address of 1916, that our work, like all practical work, 
occasionally misplaces its emphasis, yet there can be no doubt that the 
lines followed in the antituberculosis movement by The National Asso- 
ciation are sound in the main. Too much effort cannot be made to see 
that the teachings of this Association permeate and repermeate every 
hamlet in the country, and too much praise cannot be given the faithful 
sociological and medical workers who have already been the pioneers. 

While the Association is teaching, it should also be learning. One 
of the most certainly and permanently valuable branches of our work, 
in my opinion, is the collection of accurate statistical data, critically 
analyzed, for these have hitherto been painfully wanting. The pioneer 
Framingham Survey has already proved not only an adventure but an 
achievement. 

In taking the histories of intelligent patients we are more and more 
struck with the occurrence of family infection in tuberculosis. There 
can be little doubt that repeated infection in childhood from a tuber- 
culous father or mother must be more guarded against in the future 
than it has been in the past. Of four hundred and fifty cases examined 
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in our recent records, over fifty per cent give a very definite account of 
family exposure in childhood. We have evidence from the laboratory 
which demonstrates the chronicity of disease brought about by repeated 
irregular infection. That many children so exposed may not suffer 
from the later accidents of environment and strain necessary to activate 
their disease, is no doubt true. Yet many of such exposed children 
will give at least X-ray evidence of greater infection than those not so 
exposed. 

The percentage above quoted would be far greater did all patients 
know the truth, and did all patients tell the truth, about their family 
history. Only recently a patient was brought to me whose family 
history was said to be negative. Later I learned from the wife that 
the patient’s father had died of tuberculosis, but that the patient thought 
if he reported this our prognosis would be graver. How often we find 
too that examination of the parents of patients with negative family 
history will disclose ‘carriers,’ who in many instances have open pul- 
monary tuberculosis of many years standing. 

The Oeuvre Grancher of the French, with its principle of isolating 
healthy children from tuberculous parents, founded on Pasteur’s dis- 
coveries regarding disease in silk worms, is without doubt one of the 
most effective efforts ever made against tuberculosis. More and more 
we must protect children against repeated infection while their im- 
munity is being developed, and the ubiquity of “carriers” must be more 
heeded. 

Our war experience seems to have stimulated interest in one of the 
gaps which the rapid development of the campaign against tuberculosis 
has left. Vocational training and rehabilitation are at present arousing 
considerable discussion. Among the large group of tuberculous patients 
under thirty who have not yet made a settled place for themselves in 
the world, industrial colonies may well prove useful. ‘Needless to say, 
however, their development must be carefully considered, and they 
must grow and prove themselves as other factors have. 

Possibly it is unfortunate that with the loss of enthusiasm of war 
time, we are unable to continue along the lines set by Colonel Bushnell 
in the handling of the Army tuberculosis problem. The routine exami- 
nation of young adults, the opportunity for the study of tuberculosis 
occurring in all sections of the population, the special instruction in 
tuberculosis of large groups of medical men, and the efforts to provide 
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adequate hospital and sanatorium facilities, are a few of the accomplish- 
ments of the army plan which were beginning to bear fruit. 

However the Public Health Service and the National Tuberculosis 
Association are working most earnestly to build on that experience 
and to fit to the civilian requirements many of the broad plans con- 
ceived and instituted in the army. 


CONCLUSION 


At the end of this review of the great deficiencies in our knowledge 
of tuberculosis, and of the great interest and importance of rational 
understanding of the disease, I cannot do better than to quote from a 
recent address of Theobald Smith, by far the most able and eminent 
student of tuberculosis whom this country has yet produced: 


On account of the futurity of research it asks of us a certain amount of 
faith in its value and promise. It is supposed to attack the still unknown or 
mold the still vague and undefined. No one.can promise definite results in 
definite directions. Results always will come after faithful work on the 
part of talented workers, such as will amply repay the public for the outlay, 
but the objective aimed at may not have been reached. We think a certain 
result, usually in our favor, should be reached. But our thinking so does 
not create a reality. If our thoughts and desires could anticipate results 
there would be no need of going through the elaborate and time-consuming 
process of getting at such results by experiment. Subsidizing research is 
like planting trees to be used by our successors. It is for the benefit of those 
who come after us, and in so far it is one of the high achievements of the 
present type of civilization. 


This, then, is the opportunity that lies before this Association, and 
which I wish to emphasize and insist upon in laying down the office 
with which you have honored me. Let us not become smug, self- 
satisfied, routine men. Let us keep our senses alert for new knowledge, 
and not close our ears to the voice that Kipling’s Explorer heard: 


Something hidden. Go and find it. Go and look behind the Ranges— 
Something lost behind the Ranges. Lost and waiting for you. Gol 


The author wishes to thank his co-workers, Dr. C. T. Ryder, Dr. A. M. Forster and 
Dr. J. A. Sevier for valuable aid and criticism in the preparation of this address. 
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A COMPARATIVE STUDY OF THE PATHOLOGY AND 
X-RAY DENSITIES OF TUBERCULOUS 
LUNG LESIONS 


H. KENNON DUNHAM anv JOHN H. SKAVLEM 


From the Cincinnati Tuberculosis Sanatorium and the Anatomical Department of the University 
of Wisconsin 


The object of this study has been to determine what cellular pathology 
underlies the various densities seen upon the lung plates of our tuber- 
culous patients; to determine if possible which densities are found in 
healthy lungs; and to determine if “peribronchial and perivascular 
thickening” is generally associated with tuberculous lesions along such 
trunks. 

One of us (Dunham) has previously called attention to the fan found 
on the X-ray plate in adult tuberculosis, its relation to the lymphatic 
circulation, and the chief cause for its formation due to the limitation 
of exudate and other pathological changes by the trabeculae. But the 
fan does not cover all the pathological lesions of tuberculosis and is in 
itself alone not pathognomonic of the disease. 

It is most important to know whether tissue which shows no abnormal 
densities is free from tuberculosis. ‘“Perivascular and peribronchial 
tuberculosis” has been appearing more and more in our medical literature, 
so that it is especially important to know whether it has a sound patho- 
logical foundation based upon the study of sections made from lungs 
previously X-rayed or whether it is being read into lung plates simply 
from an academic knowledge that such pathological changes existed. 

An unusual number of illustrations is necessary because it is almost 
impossible to convey by word picture what one sees upon an X-ray 
plate. 

It is desired that the presentation of this subject will help to place 
X-ray chest examinations, so far as pulmonary tuberculosis is concerned, 
upon a firmer pathological foundation and that the tuberculosis specialist 
and the roentgenologist will learn to look upon abnormal densities 
within the lung as indicative of definite pathological changes which re- 
quire careful study. It is hoped that X-ray diagnosis of pulmonary 
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tuberculosis will be more generally amplified, so as to state the location, 
extent and character of the lesions and that etiology will be less specifi- 
cally emphasized. It is further hoped that the X-ray diagnosis will 
not be accepted blindly by the clinician, but will be used in conjunction 
with other laboratory findings, to interpret and correct physical signs 
and that whenever possible the postmortem will be used to study the 
limitations of all these methods, which are used to arrive as a diagnosis. 

In this way will the usefulness of the X-ray picture be brought to its 
greatest value and physical findings will be placed upon a firm founda- 
tion when signs are interpreted in the light of X-ray densities. Then 
our patients will have the benefit of a more accurate and more complete 
diagnosis from which a better prognosis can be deduced. 

The value of a physician’s advice to his patient suffering from pul- 
monary tuberculosis is directly proportional to the accuracy of his 
prognosis. To prognose such a case we must accurately determine the 
extent and character of the lesions and estimate the reaction of fibrous 
repair which has or will occur. Realizing that we may appear trite, we 
nevertheless repeat that a comprehensive understanding is necessary. 
The history past and the present; the clinical condition of the patient; 
the chief complaint; the location and diagnosis of other lesions and in- 
fections; especially the pathological nature and extent of the pulmonary 
lesions; all must be known and considered in conjunction with the age 
of the patient and the physical signs, if a prognosis is to have value. 
What we wish to emphasize is that in our opinion no method has ever been 
found which will give nearly so accurate a picture of lung pathology 
during life as the X-ray plate. But the densities upon the plate suggest- 
ing these pathological lesions must bestudied by the intelligent and trained 
mind of one who brings his knowledge of the case and the disease to 
bear and who frankly interprets his physical findings in the light of ab- 
normal X-ray densities. Thus can a prognosis be deduced which has 
real value and a step in advance will have been made, but the prognosis 
will not always be correct. So it is hoped that a careful study of these 
cases and their illustrations will lead to a more accurate and more general 
study of X-ray densities and that what we have found to be of practical 
value may be useful to others. 

It was of the greatest interest to all concerned during the progress of 
this research to note the accuracy with which normal lung tissue could 
be detected from the X-ray plate. It was of equally as much interest 
that we positively determined that “thickened trunks” and the so called 
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“peribronchial and perivascular thickening of tuberculosis” are not 
necessarily associated with tuberculosis even when there is apparent 
studding along these trunks. It must not be concluded from this that 
we consider that peribronchial and perivascular tuberculosis does not 
exist. We know that it exists; but maintain that it cannot be diagnosed 
from an X-ray plate. 

The material for this research was obtained at the Cincinnati Tuber- 
culosis Sanatorium and the pathological study was prosecuted jointly 
at the University of Wisconsin. Professors W. S. Miller and C. H. 
Bunting have rendered every possible assistance and Dean Bardeen has 
been most generous. Dr. Bunting has read most of the pathological 
sections and Dr. Miller has directed the technique for the study of serial 
sections. Dr. Miller’s knowledge of the normal lung structure was of 
constant value and enabled us to avoid many errors. The study has 
been in process of development since the beginning of 1915. Its pre- 
sentation has been delayed but greatly benefited by the war. 

One of us (Dunham) has recently published An X-ray Classification 
of Pulmonary Tuberculosis and this research is part of the pathological 
basis of that classification. A study of these cases and their illustrations 
will also show the cellular pathology underlying the abnormal densities 
better than any description. The classification was found of the greatest 
value in more than 5000 cases studied at United States Army Gen- 
eral Hospital No. 19 where nearly 150 cases came to autopsy. Further, 
146 cases were studied at the Cincinnati Tuberculosis Sanatorium in 1920 
with 73 autopsies. Thus we feel that we are not presenting a purely 
theoretical thesis; but assure our readers that there are many problems 
remaining for future solution. In many cases chest plates have been 
studied before death, but in other cases this was impossible. This, 
however, is not a study to show what diagnoses have been made but 
to determine what diagnoses are possible from abnormal densities. ° 


Technique. The lungs are removed from the thorax with great care so as to preserve 
the pleura intact; otherwise the lungs cannot be inflated. At times the parietal pleura has 
been removed with the lungs because of adhesions. Often more than an hour is consumed 
in removing the lungs. After the lungs are removed the lobes which have their pleura 
intact are inflated. Small pleural tears are closed by hemostats. A cork through which 
a tube is passed is securely tied in the trachea or bronchus and air is slowly pumped into 
the lung by a Davidson bulb. During this procedure the lung is so manipulated by the 
hand as to bring air into all parts of the lung and to fill all atelectatic areas. 

Here we will break the logical order of presentation to explain and amplify the import- 
ance of proper inflation. Inflation is fundamental in a study of lung anatomy and pathol- 
ogy, especially when lung densities are to be studied by the aid of X-ray plates. 
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It has been stated that a cubic centimetre of caseous material cannot be detected when 
in the centre of a lobe, even if the lung is removed from the body. This may be true 
in a collapsed lung, especially if the lung has been cut to allow the insertion of the caseous 
block. But within the centre of a lung inflated to represent normal conditions a cubic 
centimetre of caseous material can always be recognized. Thus the greatest care must be 
given to proper inflation. 

The lungs thus prepared are hung before or laid upon the plate changers and several 
sterescopic X-ray pictures are made. The time of X-ray exposure is just one-half that given 
to a chest plate, the spark gap, distance and milliamperage being the same. 

The lungs are then deflated and 10 per cent formalin‘is run into them until they are dis- 
tended as nearly as possible to their normal size. The trachea is then tied off and the lungs 
are placed, base up, in a jar of formalin, weighted in such a manner as to allow them to 
float free and harden without distortion of their shape. After forty-eight hours the lungs 
are removed from the formalin and placed in a similar manner in a jar of 90 per cent 
alcohol. In this way the tissues will remain soft. The formalin will have fixed the material 
so that a block can be removed from any selected area as chosen from the X-ray plates. 

Large blocks are removed, imbedded in celloidin and cut. It is important to cut thick 
sections, because when the lung is hardened in its normal shape the air cells are open and 
easily penetrated by light. Thus fewer sections of a series need to be studied to determine 
the relation of a lesion to the anatomical structures. Serial celloidin sections were cut after 
the technique recommended and supervised by Dr. W. S. Miller. The sections were placed 
accurately in serial order, imbedded in large sheets of phytoxolin and stained in these sheets. 
They were then put into orders of groups and mounted in series on large slides. The stains 
used were hemotoxylin and eosin for some diagnostic slides, which also were cut thinner, and 
alum carmine or Weigert’s elastic fibre stains for the series. The latter stains were used to 
bring out the elastic tissue, a method which greatly helped to identify anatomical structures 
which had been infiltrated by tubercles. 

It was from one of these series that one of us (Skavlem), under the direction of Dr. Miller, 
built a wax model of a tubercle showing the relation to artery, bronchus and vein. 

After all the blocks desired have been cut out of tle lung it is grossly sectioned but the 
usual pathological cuts are not followed. Instead, the lung is cut as nearly as pos- 
sible along the main bronchi. This brings out the curious fan formation of the usual tuber- 
culous lesion in the upper lobes of an adult case. In this way we find all the pathological 
changes suggested by the X-ray plate and careful cuts along the bronchi reveal any other 
lesions which may have been overlooked. 


The following cases are grouped into types and each type is illustrated. 
Before we present the cases we wish to call attention to Au X-ray Classi- 
fication of Pulmonary Tuberculosis, so that the various types may be 
seen to fall into their respective places. 

We also wish to emphasize the necessity of studying the distribution 
and character of lesions throughout all lobes, because taken alone the 
densities offer nothing characteristic in quality. Thus the density of an 
old infarct cannot be differentiated from an old tuberculous fan. Yet, 
when taken in conjunction with the whole lung such a differentiation can 
be made. Again, the densities of caseous bronchopneumonia, miliary 
tuberculosis and conglomerate tubercle may not be characteristic if a 
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small area is considered, but when the entire distribution of the lesions 
throughout the lung is considered in the light of our knowledge of the 
spread of such lesions, a definite and characteristic picture is before us. 
So also, a single fan is neither characteristic in itself nor pathognomonic 
of tuberculosis. Any lung infection in which an exudate is thrown out 
may produce a fan, for the same anatomical reasons as its production 
in tuberculosis. But, due to the pathogenesis and spread of tuberculosis, 
which we know to consist of a series of repeated infections, either from 
without or within, fans of different densities are formed. Here again, 
viewing the lung lesions as a whole and seeing two or more fans 
of different densities, we are confronted with a characteristic picture. 

We feel that with these points in mind a study of the cases will be of 
more value. 


AN X-RAY CLASSIFICATION OF PULMONARY TUBERCULOSIS 


The lung with its pathology is regarded as a whole to adopt the classi- 
fication especially to X-ray work. 

1. Aduli tuberculosis. Synonyms: Secondary tuberculosis; nodose 
tuberculosis; apical tuberculosis; chronic fibroid tuberculosis; tuberculo- 
sis in the sensitized patient. 

(A) Apical fibroid tuberculosis. Earliest findings, localized tuber- 
culosis pneumonia; if lesion extends, chronic fibroid tuberculosis develops. 

(B) Gelatinous and caseous bronchopneumonia (with apical lesions). 

(C) Lobar caseous pneumonia (with apical lesions). 

(D) Fibrous pleurisy; pleural exudate. 

2. Puerile or primitive tuberculosis. Synonyms: Childhood tuber- 

culosis; tuberculosis in the nonsensitized patient; focal tuberculosis. 
(A) Primary lesion and tuberculous nodes. 
(B) Miliary tuberculosis. 
(C) Basal tuberculosis. : 
(D) Tuberculous caseous broncho- and lobar pneumonia (without 
apical lesions). 
(E) Caseous pleurisy. 


1. CASES OF ADULT TUBERCULOSIS 


No. 1217. L. P. Age twenty-two. This case is an example of adult type with 
old lesion and cavitation in the apex and tuberculous caseous pneumonia throughout the 
rest of the lung. The fan of acute pneumonia at the base is definite and interesting, because 
of its differing in density from the caseous bronchopneumonia. This is brought out well 
also on the microscopic slides from blocks 2 and 3 (figs. 3 and 4). 
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X-ray reading of lung plates (see fig. 1). The plates show well the incisurae and 
point at which the bronchrs to the middle lobe is given off from ‘the main bronchus. 

The prevailing lesion is caseous bronchopneumonia throughout the entire lung. In the 
upper lobe the areas of the vertebral and first interspace trunks are honeycombed with 
cavities. The remaining portion of this lobe shows a general scattering of caseous broncho- 
pneumonia. 


Fic. 1. No. 1217. X-Ray Piatt oF Ricut LuNc 


A—Upper lobe. B—Middle lobe. C—Lower lobe. D—Large fan of acute pneu- 
monia. E—Caseous bronchopneumonia. F—Tube used for inflation. J, 2, 3—Areas of 
respective blocks. 


The middle and lower lobes likewise show a general scattering of caseous bronchopneu- 
monia. In the lower lobe is seen a large fan of pneumonia involving the anterior branch 
of the main stem bronchus. The traiangle does not reach the margin but does reach three 
surfaces, namely, anterior, diaphragmatic, and surface in the incisura. The density of this 
fan is different from the mottling of the caseous bronchopneumonia throughout the rest of 
the lung. (See fig. 2 for X-ray plate of chest.) 
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Gross pathological description. The apex of the upper lobe is entirely excavated by large 
tuberculous cavities. The rest of the lobe shows a general scattering of areas of tuberculous 
caseous bronchopneumonia and small yellow caseous nodules. 

The middle and lower lobes show a general appearance similar to the upper lobe with- 
out cavitation. Along the anterior division of the main stem bronchus to the lower lobe 
the pneumonia is heavier and the areas are more confluent. 


Fic. 2. No. 1217. X-Ray PLATE oF CHEST 


Hydropneumothorax on the left side. Fluid level reaches the seventh spinous process. 
Right thorax: Caseous bronchopneumonia throughout the upper right. The middle right 
is infiltrated with caseous bronchopneumonia but to a less degree than the upper lobe. 
Nothing abnormal is made out in the lower lobe. The prognosis is desperate on account 
of the destruction of the left lung and the caseous bronchopneumonia on the right side. 
Note: This patient died one year after these plates were taken. 


The walls of the bronchi throughout the lung show some thickening. 
Microscopic pathology. 
Block 1. Location: Tip of middle lobe at end of main stem bronchus in area showing 
fan shaped mottling. 
Reading: Pleura is edematous, thickened and shows old hyaline fibrin on the 
surface. The lymphatics are greatly dilated. Lung tissue shows many areas of tuberculous 
bronchopneumonia with well marked central caseation. 
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Block 2. Location: Apex of lower lobe, showing coarse diffuse mottling. 

Reading: Pleura is thickened and shows fibrinous exudate. The lung tissue shows 
many areas of tuberculous caseous bronchopneumonia. Under the pleura these areas are 
close together, the intervening alveoli showing a gelatinous pneumonia. Deeper in the sec- 
tion the gelatinous pneumonia is somewhat less well marked (see fig. 3). 

Block 3. Location: Lower lobe on diaphragmatic surface in area of fan. 

Reading: Pleura shows fibrinous exudate and some definite tubercles. The septa 
show edema and the lymphatics are dilated. The major part of the section is occupied by 
almost confluent areas of acute bronchopenumonia. The cellular exudate is rather scanty in 
the involved alveoli and the serous exudate is well marked. Intervening alveoli show con- 


Fic. 3. No. 1217. Microscopic SECTION THROUGH BLOCK 2 


siderable edema and some desquamation of cells. Toward the inner part of the section 
are two large caseous interstitial conglomerate masses with slight pneumonic exudate about 
them and with some thickening of the adjacent lung framework (see fig. 4). 


No. 1206. C. H. Age forty-seven. This case is typical of far advanced tuberculosis 
with heavy fibrosis, caseation and destruction in the apex and more recent pneumonic pro- 
cess in the lower lobe. The isolated fan in the lower lobe is interesting in its identical 
density with that which might be caused by an infarct. Microscopic section 6 shows very 
well the limiting of a pathologic process by a septum. 

X-ray reading of lung plates (see fig. 5). The pleura is thickened over the greater 
part of the lung but especially over the apex and upper posterior part of the lower lobe 
and in the incisura, 
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The upper lobe shows old chronic tuberculosis with caseation, fibrosis and extensive 
cavity formation. The heaviest consolidation and greatest cavity formation are found in'the 
posterior divisions of the vertebral first and second interspace trunks. The anterior divi- 
sion of the vertebral trunk shows some normal lung tissue. The lingual tip shows an abnor- 
mal lobation. The main stem bronchus to the lingual tip is prominent and in its proxima] 


Fic. 4. No. 1217. Microscopic SECTION THROUGH Brock 3 


extent shows scattered areas of caseous bronchopneumonia on both sides, while near its end 
the lung tissue is comparatively normal. 

The apex and mesial part of the lower lobe shows heavy density due to massive caseation. 
On the lateral surface under an area of adherent pleura, between the middle and lower 
thirds of the lobe is found an isolated fan, probably due to caseation. The lower part of the 
lobe is comparatively normal. The main stem bronchus is thickened and prominent. 
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Gross pathological description. Upper lobe: The lung tissue supplied by the anterior 
division of the vertebral trunk is soft, air bearing and comparatively normal. The posterior 
portion along the posterior divisions of the vertebral first and second interspace trunks 
shows massive consolidation and great lung destruction. This portion of the lung is honey- 
combed with intercommunicating cavities of all sizes, the largest measuring 3 by 5 cm. 
The vertebral trunk in the extreme apex posteriorly shows the greatest destruction. The 
pleura over this portion of the lung is greatly thickened. The area of the anterior division 
of the first interspace trunk shows massive caseous consolidation with early cavity forma- 


Fic. 5. No. 1206. X-Ray PLATE oF LEFT LUNG 


A—Lingual tip with abnormally exaggerated separation. J, 2, 5, 6, &, 9, 1J—Areas of 
respective blocks. 


tion. The area of the anterior division of the second interspace trunk also shows consider- 
able infiltration and consolidation with a small amount of air bearing tissue along the anterior 
margin. 

The lingual tip shows practically normal lung tissue at its tip but further in along the 
main bronchus on both sides there are scattered areas of caseous consolidation and heavy 
infiltration. 

Lower lobe: The extreme apex and inner one-third of this lobe show massive caseous 
and fibrotic consolidation. Below the apex on the costal surface is an area of practically 
normal lung tissue while in the middle of the lobe on the posterior part of the costal sur- 
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face immediately under the pleura (1) is an area of caseous consolidation. The lower part 
of the lobe is soft and shows little gross pathological change except marked thickening of the 
bronchi and connective tissue framework, with some areas of infiltration and patches of 
caseous bronchopneumonia near the fissure. The pleura over the upper and posterior part 
of the lobe is thickened. The pleural surfaces in the incisura are thickened and bound 
together by fibrotic adhesions, especially in its posterior third. 
Microscopic pathology. 
Block 1. Location: Fan seen on plate on lateral surface of lower lobe. 

Reading: Caseous bronchitis, bronchopneumonia, some interstitial tubercles, slight 

peripheral edema, some edema of septa and pleura. 


o 


Fic. 6. No. 1206. Microscopic SECTION OF BLOCK 6 


Block 2. Location: Normal appearing area just above block 1. 

Reading: Practically normal. Some chronic bronchial cellular exudate; slight 
edema. No positive tuberculosis. 

Block 5. Location: Incisura between upper and lower lobes in outer third of lung 
just above normal spot. 

Reading: Lower side shows some normal lung, but also an area of caseous broncho- 
pneumonia extending to the incisura at two points but most marked at some distance from 
the incisura. Above the incisura the lung is heavily involved showing old caseous areas 
both interstitial and pneumonic. Edge of small cavity is seen. There is marked indura- 
tion of lung framework with atelectasis, slight emphysema in other parts and one area of 
hemorrhage. 
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Block 6. Location: Lateral surface of lingual tip. 
Reading: One extensive area of caseous pneumonia, also several small areas. Lung 


framework practically normal. Some edema of septa (see fig. 6). 


Fic. 7. No. 1228. X-Ray PLatE oF Lert LuNG 


A—Artery forceps used to close tear in pleura. B—Anterior basal margin. C—Posterior 
basal margin. J—Area of block 1, showing three densities. 


Block 8. Location: Just below block 1 on lateral surface, showing mottling. 
Reading: Section shows several areas of bronchopneumonia in which exudate con- 
sists almost entirely of polymorphonuclear leucocytes, without caseation, surrounded by 
areas of edema. Marked congestion of vessels, slight hemorrhage. 
Block 9. Location: Deep in lingual tip, 2 inches above the extreme tip. 
Reading: Section shows chronic interstitial tubercles, irregular sclerosis and an, 
extensive area of caseous pneumonia close to the pleura. 
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Block 10. Location: Lymph node at the hilum. 
Reading: Scattered miliary and conglomerate tubercles. 
Block 11. Location: Bifurcation of main stem bronchus to lower lobe in midzone. 
Reading: Calcification of cartilages of larger bronchi. Lymphatics dilated, edema 
of perivascular and peribronchial connective tissue. Close to largest bronchus is an area of 
old caseous interstitial tubercles with sclerosis of lung framework and some caseous pneu- 
monia in vicinity. 


No. 1228. A.R. Age thirty-three. This is a most interesting case to study and verify 
the degree of density caused by pathological changes in the three densities located at the 
base along the diaphragmatic border. The microscopic section is very unusual in showing 
three distinct pathological conditions side by side, each verging on the other by sharp 
demarcation. The distinctive densities produced by the conditions are seen on the X-ray 
plate and make a splendid study of the degrees of density produced by each such patho- 
logical change. 

X-ray reading of plates no. 1227 and 1228 (see fig. 7). Left lung: In the upper lobe 
there are some old fibroid lesions containing cavities in the apex and tuberculous pneu- 
monia occupying the rest of the upper lobe except for a small area in the lingual tip which 
is emphysemitous. The upper half of the lower lobe shows a lesion similar to the 
lower part of the upper lobe, confluent caseous pneumoia. The lower part of the lower 
lobe contains some air bearing tissue. Numerous cavities are seen throughout the lower 
lobe. The only normal portion of this lung is seen along the diaphragmatic margin, occupy- 
ing the anterior half. Three distinct differing densities are noted in this area. The most 
anterior of these densities suggests lobular caseous pneumonia. The middle, just posterior 
to this along the margin, is comparatively normal. The third density is immediately poste- 
rior to the normal density and suggests acute pneumonia or hemorrhage without caseation. 
Below the vertebral and first interspace trunks of the upper lobe, the densities throughout 
the left lung are obscured by the so called snowflake appearance which indicates gelatinous 
bronchopneumonia, acute pneumonia or hemorrhage. 

Gross pathological description. The upper lobe is practically consolidated, except the 
lingual tip, with tuberculous caseous pneumonia and large caseous tubercles. On the ante- 
rior margin is a linear area of confluent tuberculous caseous pneumonia of more uniform 
consolidation than the areas about it. In it is a fair sized cavity. The lingual tip is com- 
paratively normal. 

Lower lobe: in its apex and posterior part shows the same general consolidation with 
caseous pneumonia. The anterior portion of the lobe shows a pneumonic process of lesser 
caseation and consolidation. On the lateral surface extending to the inferior margin are two 
areas of pneumonia, separated by an area of comparatively normal lung. 

Microscopic pathology. 

Block 1. Location: Inferior margin of the lateral surface of the lower lobe. 

Reading: One edge of the sections shows numerous areas of caseous and gelatinous 
bronchopneumonia, also several interstitial tubercles. There is considerable induration 
of the lung about these areas. The middle third of the section shows edema but otherwise 
the lung tissue iz comparatively normal. The upper third of the section shows a heavy 
pleural scar. Some distance beneath the pleural surface there are numerous areas of acute 
bronchopneumonia without caseation, with a scanty cellular and considerable serous exudation 
(see fig. 8). 

This section is very unusual in showing three distinct pathological conditions side by 
side, each verging on the other by sharp demarcation. The distinctive densities produced 
by the conditions are bigs? plainly seen side by side on the plate and make a splendid study of 
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the degree of density produced by each such pathological change thus: (a) heaviest density 
(A) is produced by “areas of caseous and gelatinous bronchopneumonia, also several inter- 
stitial tubercles. There is considerable induration of the lung about these areas;” (b) middle 
area of least density (B) or comparatively normal, is produced by “middle third of the sec- 
tion, shows edema but otherwise the lung tissue is comparatively normal;” (c) lesser density 
(C) is produced by “numerous areas of acute bronchopneumonia without caseation.” 


No. 1211. W.H. Age forty-nine. This case is peculiarly interesting because of the nu- 
merous curious thin walled cavities. These do not have the appearance of typical tuber- 
culous cavities and are probably due to a mixed infection, such as influenza, causing rapid 
lung destruction in the tuberculous areas. 

X-ray reading of plates nos. 1210 and 1211 (see fig. 9). Left lung: In the apex and the 
upper third of the lower lobe are two large areas of homogeneous density, honeycombed 


Fic. 8. No. 1228. Microscopic SECTION THROUGH BLOCK 1 


with cavities. These are’characteristic of tuberculosis and suggest usual caseation. Through- 
out the upper lobe, except as described, including the anterior branches of the first inter- 
space trunks and the second interspace trunks and the lingual tip, the predominant lesions 
are numerous, thin walled cavities not suggesting tuberculous lesions, but probably the 
result of other infection such as influenza. There is a haziness, which might be 
accounted for by tuberculous pneumonia, in the anterior branch of the first interspace 
trunks and to a lesser extent in the second interspace trunks. The only normal lung tissue 
in the upper lobe is at the extremity of the lingual tip. In the lower lobe with the excep- 
tion of the upper third as described, the anterior half is honeycombed with cavities similar 
to those seen in the upper lobe. Theze are probably due to influenza but the cavities are of 
larger diameter. The anterior and Jateral border of the lower lobe is the only part not 
involved. In the posterior half of the lower lobe, below the heavy tuberculous densities, 
there are numerous tuberculous fans scattered throughout the lung tissue which is otherwise 
only slightly infiltrated. 
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Gross pathological description. Upper lobe: is almost entirely involved in confluent 
caseous tuberculous bronchopneumonia with numerous thin walled cavities of various sizes 
scattered throughout all parts of the lobe. There is some dilatation of the bronchi. The 
consolidation is heaviest in the area of the posterior branch of the vertebral trunk. The 
only normal lung tissue is found in the lingual tip and immediately along the anterior margin. 


Fic. 9. No. 1211. X-Ray PLate or Lerr Lunc, TRANSVERSE EXPOSURE 


A—Lingual tip. B—Caseous lymph node. C—lIncisura. D—Anterior basal margin. 
E—Posterior basal margin. F—Pneumonic lesion occupying upper one-third of lower lobe. 
1, 2, 3—Areas of respective blocks. 


Lower lobe: presents exactly the same condition as the upper one. The heaviest 
consolidation is in the apex of the lobe while the lower third posteriorly presents compara- 
tively normal lung tissue. 

Microscopic pathology: 

Block 1. Location: Upper lobe in area of first interspace trunk anteriorly. 

Reading: Marked congestion of lung and pleura. Extending from the pleura into 
the lung is a large cavity containing pus cells in heavy masses. The walls of the cavity lack 
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granulation tissue. At some points the wall of the cavity is continuous with a heavy cellu- 
lar exudate which fills adjacent alveoli. There is no caseation of the exudate or of the walls 
of the alveoli adjacent to the cavity. Patches of pneumonia occur in the vicinity of the 
cavity. 
Block 2. Location: Upper lobe just below block 1 in area of second interspace trunk. 
Reading: Section shows a cavity similar to block 1. There is more extensive 
peripheral pneumonia (see fig. 10). 
Block 3. Location: Upper lote in area of vertebral trunk anteriorly. 
Reading: Section shows an extensive area of tuberculous caseous pneumonia with 
interstitial tubercles and pulmonary sclerosis extending from the pleura in a rough wedge 
into the lung. 


Fic. 10. No. 1211. Microscopic SECTION THROUGH BLOCK 2 


Note: The multiple thin walled cavities are apparently due to a mixed infection with 
rapid destruction in the tuberculous area. 


No. 1060. N.H. This is a typical case of aduit fibroid tuberculosis. 

X-ray reading. No. 1061: The left lung has rotated so as to present a median view 
with lateral surface toward the plate. Thus the incisura lies in a plane between the tube 
and plate. In the upper left lobe on the vertebral trunk under a scar is seen an old tubercu- 
lous lesion with calcification just below. In the region of the first interspace trunk are a 
few dots of densities, some of which are calcified and healed. Numerous fine dots are seen 
near the pleura in the lower lobe extending back from the middle of the incisura. Good bron- 
chial tree. No active tuberculosis in this lung, and only tuberculosis lesion is found in lim- 
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ited area of upper lobe. Right lung is not inflated. Anterior surface to the plate. Upper 
lobe is destroyed by cavities. 

Gross pathological description. Upper lobe, left lung: In the area of the anterior division 
of the first interspace trunk, at the anterior margin under an area of thickened pleura is 
found an old typical pigmented, caseofibrous tuberculous scar, with calcification in its centre. 
The scar measures 1.5 by 2.5 cm., has a cheesy material and some calcification in its centre 
with a thick fibrous wall, from which radiate out fibrous bands into the surrounding lung 
tissue. The rest of the lobe appears normal except for thickening of the bronchial walls and 
connective tissue frame work of the lung. 

Lower lobe, left jung: Except for congestion and some hemorrhage at the base posteriorly 
this lobe appears practically normal. There is thickening of the walls of the bronchi and 
several small areas of calcification are found in the walls of the larger bronchi of the anterior 
divisions of the mainstem. The pleura is not thickened and the lobes are not bound together. 
The pleura and entire lung substance show considerable pigmentation. 

Right lung: The pleura is greatly thickened by a very firm fibrous layer over the entire 
lung, except the anterior portions of the upper and middle lobes. At the base the pleura 
measures 3 mm. and at the apex 5 mm. with a lesser thickening over the costal surface except 
at the incisura. All lobes are firmly bound together by extensions into the incisurae of the 
same fibrous thickening. The lymph nodes at the hilum are large, heavily pigmented and 
show some caseation. The upper lobe is heavily pigmented and massively consolidated 
with caseation and fibrosis except at its anterior margin, where there is some air bearing 
tissue. In the extreme apex is a large cavity 3.5 by 2.5 cm., and another slightly smaller 
cavity just below it. The bronchial walls and septa are very markedly thickened. The 
middle lobe is soft and air bearing and, except for some congestion and thickening of the 
bronchial walls, it appears normal. The lower lobe shows no gross evidence of tuberculosis. 
There is extreme congestion and an area of hemorrhage at the apex. The walls of the 
bronchi are also thickened. 

Microscopic pathology: 

Block 1. Location: Cardiac surface of tip of upper left lobe. 

Reading: Marked edema of pleura and septa. Lymphatics dilated, slight edema of 

lung. Section in general is normal. There is a small area of acute bronchopneumonia. 
Block 2. Location: Main stem bronchus to lingual tip, near the hilum. 

Reading: Marked edema of connective tissue around the larger vessels and bronchi. 

Some pulmonary edema of acute bronchopneumonia, slight sclerosis and anthracosis. 
Block 3. Location: Second interspace trunk at hilum. 

Reading: Lymph node shows great amount of anthracosis. Large bronchus shows 
slight calcification of the cartilage in its walls with some edema of the wall and adjacent 
lung tissue. No tuberculosis. 

Block 4. Location: Just above block 3. 

Reading: Edema of connective tissue around the vessels and bronchi, with some pul- 
monary edema. A few areas of acute bronchopneumonia and some sclerosis. 

Block 5. Location: Anterior margin of upper lobe in area of density seen on plate. 

Reading: Large caseous and calcified pigmented masses, cholestrin crystals also 
present surrounded by heavy connective tissue. Typical old tuberculous scar. 


No. 1261, F. McC. This case is another of the adult type with old apical lesions and 
more recent tuberculous pneumonia below. The most interesting points in these lungs 
are the fans of pneumonia in both lower lobes, typical of aspirated caseous pneumonia. 

X-ray Reading: All lobes are heavily involved with tuberculosis. Both upper lobes are 
honeycombed with cavities which are larger on the left side. Four calcified areas appear 
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to circle the left bronchus at its bifurcation. The largest mass is seen just external and 
superior to the bronchus. A small mass lies anterior and supericr to this large one. Mesial 
to the left bronchus just opposite to the large calcified area is a small line-like calcification 
apparently in the bronchial wall. Below this and posteriorly. but internal to the main 
bronchus of the lower lobe, is a fourth area of calcification which is second in size. In the 
lower left lobe is seen a triangle of increased density, which extends toward the base involv- 
ing the base and lateral margin, which suggests aspirated tuberculous bronchopneumonia. 
In the lower right lobe not far from the mediastinal surface is seen a density which extends 
posteriorly toward the base. This density is cloudy and suggests a more acute involvement. 
Lateral and anterior to this on another branch of the main stem bronchus is seen a more 
flocculent triangle which suggests heavier tuberculous bronchopneumonia. 

Right lung: Upper and middle lobes show gross involvement with tuberculous caseous 
bronchopneumonia and extensive cavitation. Large caseous lymph nodes with calcifica- 
tion are found at the hilum of both lobes. Apex of the lower lobe shows the same general 
condition with a few small cavities. Scattered areas of tuberculous caseous pneumonia of 
lesser density are also found extending toward the base, especially near the mediastinal side. 

Left lung: Upper lobe shows heavy consolidation with tuberculous caseous pneu- 
monia and large caseous nodules. The entire lobe is extensively excavated by cavities. 
Along the main bronchus are found several old caseous calcified lymph nodes. The lower 
lobe shows tuberculous caseous bronchopneumonia and scattered tubercles of lesser density 
and not so confluent asin the upper lobe. There are a few cavities in the upper half of the 
lobe. Greatest consolidation of the caseous pneumonia is seen in the inferior lateral part of 
the lobe. 

Microscopic pathology: 

Block 1. Location: Lower left lobe along the main stem bronchus near the base. 

Reading: There is marked anthracosis in the pleura. The lung tissue appears nor- 
mal except for slight edema. One branch of the pulmonary artery shows a thrombus. 

Block 2. Location: Lower left lobe along the main stem bronchus proximal to block 1 
in triangular density seen on the plate. 

Reading: Pleura is thickened and shows fibrous adhesions with congestion of the 
vessels. The alveoli in some places show heavy edema. One large bronchus is filled with 
a purulent exudate and in one branch shows loss of epithelium. Its wall is heavily infil- 
trated with large and smal] mononuclear cells and a few polymorphonuclear leucocytes. 
There is also some necrosis of the wall. Adjacent to the bronchus is a conglomerate tubercle 
with caseous centre and surrounded by some early tuberculous pneumonia, the alveoli being 
filled with fibrin, serum and mononuclear cells. A similar condition exists about an adjacent 
smaller bronchus. 

Block 3. Location: Lower right lobe in area of fan seen on branch of the main stem 
bronchus. 

Reading: The bronchi are filled with purulent exudate. The walls of the bronchi 
are heavily infiltrated with mononuclear cells. The lymphoid tissue is increased in amount. 
There is an increase in the peribronchial fibrous tissue, which also involves the adjacent 
alveolar walls. One connective tissue area shows an old hemorrhage with phagocytes con- 
taining hemosiderin. Adjacent toa large dilated bronchus is seen tuberculous pneumonia. 

Block 4. Location: Lower right lobe in area of fan seen on the main stem bronchus, 
posterior and below block 3. 

Reading: Section is quite similar to block 2. The bronchi show involvement and 
there are many well marked areas of tuberculous pneumonia. 

Block 5. Location: Base of the lower right lobe on diaphragmatic surface. 
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Reading: Section shows purulent bronchitis. Near the tip of the section is seen a 
fresh conglomerate tubercle with adjacent infiltration of the lung framework with lympho- 
cytes, and slight alveolar exudate. 


No. 1170. G.G. This case is of the usual type of far advanced adult tuberculosis with old 
cavities in the upper lobe and more recent pneumonic process in the lower lobe, the apex of 
which shows the heaviest involvement. 

X-ray reading: The upper lobe is contracted and shortened in that it occupies only one- 
half of its normal space. There are tuberculous lesions scattered throughout the entire 
upper lobe. Four definite cavities of various sizes can be seen. The largest one of these is 
just above the apex of the lower lobe and reaches the surface near the lateral surface of the 
upper lobe. The middle lobe is comparatively normal on its anterior border from about 5 
cm. from the upper incisura to about 10 cm. from the lower incisura. Laterally the lobe is 
definitely infiltrated. The apex of the lower lobe shows an old lesion with a small cavity. 
The branches of the main stem bronchus at the base show infiltration with large flocculent 
masses of disseminated tuberculosis, apparently of the aspirated type of caseous broncho- 
pneumonia. 

Gross pathological description: The upper lobe shows several areas of old caseation and 
fibrosis with several large cavities all of whfch connect directly with bronchi. The intervening 
areas of lung tissue are comparatively free from consolidation or infiltration and are air bear- 
ing. At the end of the posterior branch of the vertebral trunk is found a large thick walled 
cavity measuring 2.5 by 2.5cm. It is surrounded by heavy fibrosis, especially at the lower 
wall and is no doubt the oldest lesion in the lung. The fibrosis of its lower wall extends down 
to the fissure, which separates the upper from the lower lobe. On the anterior branch of the 
vertebral trunk is found a linear bronchiectatic cavity measuring 1.5 by 3 cm. On the 
anterior division of the first interspace trunk is found a cavity measuring 2 by 2.5 cm., under- 
lying an area of pleural thickening and contracture. This cavity lies immediately behind the 
trachea on the picture. The second interspace trunk is presented as a circular area in the 
midst of the hilum shadow, as it lies on the same plane as the centre of the tube. At the 
end of this trunk is found another bronchiectatic cavity measuring 2 by 3cm. Some of the 
anterior divisions of the second interspace trunk are markedly thickened and show up on the 
picture as circular areas. On the lower part of the anterior margin of this lobe is found a 
small area of old caseation and fibrosis, which lies just 2.5 cm. above the fissure between the 
upper and middle lobes. The lobes are bound together in the anterior third of this diffuse 
area by dense adhesions. 

The middle lobe along its anterior margin is normal. In the centre of the lobe, about 5 
cm. from the anterior margin and on the anterior surface, under an area of thickened pleura, 
is a small area of fibrosis and old caseation. Above this on the same surface is a scattering 
of small caseous nodules. 

In the apex of the lower lobe, 1 cm. under the fissure, is found a small thick walled cavity, 
1byicm. Adjacent to this are a few small fibrous areas. The lateral surface in its middle 
portion shows a general thickening of lung framework and a few scattered areas of caseation. 
The main stem bronchus is markedly thickened and at its extremity near the base is an area 
of caseous bronchopneumonia giving a “raisin on the stem” picture. 

Microscopic pathology: 

Block 1. Location: Lateral surface of apex of lower lobe in triangle about 3 cm. below 
cavity on the plate. 

Reading: Pleura shows outer layer of heavy fibrin undergoing organization. Old 

fibrous adhesions also present. Pleura is slightly edematous. Blood vessels and lymphatics 

dilated, one small hemorrhage, moderate anthracosis. In several places adjacent to pul- 
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monary septa there is dense infiltration of the pleura with lymphocytes. Septa show marked 
thickening due to recent cellular fibrous tissue development. There is some lymphocytic 
infiltration and moderate anthracosis. Alveoli are free from exudate save for a moderate 
amount of albuminous precipitate. In deeper part of section adjacent to a medium-sized 
bronchus there is a well developed conglomerate tubercle surrounded by a heavy mass of 
lymphoid cells. Close to this and probably continuous with it is a second group of tubercles 
in a pulmonary septum, close to a small vein and involving the lymph vessels. One tubercle 
is definitely within a lymphatic. The tubercles tend toward hyalinization rather than 
caseation. 
Block 2. Location: Just below block 1 on the same surface. 

Reading: Section in general. similar to block 1, showing, however, about 2 mm. 
below pleural surface an oval area of caseation, with fine deposit of calcium about 2 by 1 
mm. This shows considerable peripheral pigmentation and is encapsulated by cellular con- 
nective tissue. There is a general thickening of the septum in which this mass lies. 

Block 3. Location: Few cm. below block 2 on same surface. 

Reading: Lesion is same as block 2 plus conglomerate tubercle lying in septum 
‘close to pleural border. There is little caseation. Tubercle is thickly surrounded by 
lymphocytes. No alveolar edema. 

Block 4. Location: Lateral surface of middle lobe showing fine dots. 

Reading: Section shows an irregular group of tubercles extending toward an inter- 
lobular septum. One of these is hyaline; the others show some caseation. There is a slight 
alveolar exudate adjacent to the mass consisting of fibrin and large ana small mononuclear 
cells. Organization of the fibrin is beginning. Nearby is another small area of organizing 
pneumonia. A second conglomerate tuberculous mass lies adjacent to a pulmonary septum 
near the first described. 

Block 6. Location: Lymph node at hilum. 

Reading: Lymph node showing anthracosis and several miliary and conglomerate 
tubercles. No calcification. 

Block 7. Location: Middle lobe immediate to hilum and on border of incisura between 
middle and lower lobes. 

Reading: Thickened pleura, beneath which lies a number of old hyaline tubercles 
with heavy peripheral anthracosis and radiating bands of connective tissue. Near this the 
small bronchi contain a cellular exudate with an apparent destruction of the mucosa 
in places, with infiltration of the walls by mononuclears and with adjacent areas of tubercu- 
lous bronchopneumonia. There are also present tubercles lying external to the muscle coat 
-of the bronchi in the lymphoid tissue. 

Block 8. Location: Main stem bronchus to lower lobe, near hilum. 

Reading: Section through the large bronchi, vessels and lymph node. Latter 
shows anthracosis but no tuberculosis. Bronchi show cellular exudate but there is no in- 
volvement of the wall. Adjacent to the largest bronchus are one or two conglomerate 
‘tubercular masses and two others at about 1 cm. distance. 

Block 9. Location: Same as block 8, only continuation of the main stem bronchus 
towards the periphery. 

Reading: Section through larger vessels and bronchi. At a distance from the ves- 
sels and bronchi are three tuberculous masses; one an old caseous encapsulated mass roughly 
3 mm. in diameter; another an S-shaped group of hyalin and more recent tubercles; the third 
is a pigmented hyaline mass with adjacent recurrent tubercles. 


No. 1273. E.W. Agenineteen. This case is another of the typical adult form, with old 
apical lesions and more recent tuberculous pneumonia below. It is interesting that in this 
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lung the extreme apex is remarkably clear, but the old lesion was found in the apex of the 
other lung. 

X-ray reading of chest plates no. 1214 (E. W.): Pneumothorax on the right side. The 
lung is collapsed but the apex is attached to the thorax by adhesions and the base is attached 
to the right lateral wall and the diaphragm. A large cavity is seen in the apex. No fluid is 
made out. Caseous bronchopneumonia is made out in all of the branches of the left upper 
lobe except the lingual tip. Nothing abnormal is made out in the lower lobe but a large 
portion of the lower left and the lingual tip of the upper left are obscured by the heart which 
is enlarged and pushed to the left. The prognosis is desperate on account of the caseous 
bronchopneumonia and the complete destruction of the right side. 

X-ray reading plates nos. 1272 and 1273. Left lung: Type of lesions: Confluent caseous 
bronchopneumonia, probably. secondary to apical tuberculosis on thse right side. In the 
upper lobe, especially in the first interspace trunks anteriorly, there are old scars that sug- 
gest that the lesions are not all recent. 

Distribution of lesions: The apex is comparatively clear with a few scattered areas of 
increased density, most marked anteriorly. Caseous bronchopneumonia is seen through- 
out the first and second interspace trunks, most marked anteriorly. These densities are 
less confluent near the lower anterior margin of the second interspace trunk. 

The lingual tip of this specimen forms an abnormal individual lobe which clearly marks 
out the area of the lingual tip of the upper-lobe. In the upper part of the lingual tip, near 
the main stem bronchus, there is a dense area of confluent tuberculous, caseous broncho- 
pneumonia, distributed so as to leave a central area of decreased density which might easily 
be mistaken for a cavity. The upper part of the lingual tip, just below the second inter- 
space trunks, is infiltrated with caseous bronchopneumonia but is less dense than that just 
described. The dependent portion of the lingual tip, bordering the anterior margin of the 
lower lobe, is practically normal. 

Lower left: In the apex of the lower left there is a definite area of caseous broncho- 
pneumonia. Below the apex, occupying the upper third of the lower lobe, there are abnor- 
mal studdings which are probably the result of caseous bronchopneumonia. Calcified areas 
are noted throughout the lower part of the lower lobe, suggesting calcification at the crotches 
of the vessels and the bronchi which are probably healed. 

Gross pathological description: Pleura appears normal. Immediately posterior to the 
bronchus is a large caseous and calcareous lymph node measuring 2.5 by 3 cm. 

Upper lobe: The lobe shows a heavy involvement of confluent tuberculous caseous 
bronchopneumonia. The consolidation is heaviest in the areas of the first and second inter- 
space trunks anteriorly with less dense involvement of the same trunks posteriorly. The 
area of the vertebral trunk is comparatively normal except for some thickening of the walls 
of the bronchi and a few scattered small areas of caseous bronchopneumonia. Along the 
main stem bronchus to the lingual tip close to the hilum there is seen a cluster of tubercles 
and areas of caseous pneumonia about the bronchus, leading to a central area of lesser 
density which give the suggestion of cavity as seen on the plate. The extreme lingual 
tip appears normal. 

Lower lobe: Shows less involvement. The walls of the bronchi are thickened with 
some calcification in the main stem bronchus. There is also some dilatation of the bronchi. 
In the apex is an area of confluent tuberculous caseous bronchopneumonia with some fibrosis. 
The lower part of the lobe shows only a few scattered studded areas. 

Microscopic pathology: 

Block 1. Location: Upper lobe, area of first interspace trunk anteriorly. 

Reading: Numerous areas of caseous pneumonia with beginning softening of the 
centre; also interstitial tubercles, and some thickening of septa. 
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Block 2. Location: Lower portion of area of second interspace trunk anteriorly. 

Reading: Numerous areas of tuberculous caseous and gelatinous bronchopneu- 
monia with hemorrhage in periphery of some of them. 

Block 3. Location: Apex of upper lobe posteriorly. 

Reading: Lung section practically normal. Edema of the septa and perivascular 
connective tissue. Lymphatics are dilated. One bronchus shows a slight increase of 
lymphoid cells in its wall. 

Block 4. Location: Posterior surface of middle of lower lobe. 

Reading: Section shows slight thickening of the pleura and general congestion of 
the blood vessels. There is one large area of caseous tuberculosis, about 6 mm. from the 
pleura, and several small areas adjacent to the bronchi at a greater depth in the section. 
There is one area of acute bronchopneumonia under the pleura. 

Block 5. Location: Lingual tip in area suggestive of cavity on the plate. 

Reading: Many areas of tuberculous bronchopneumonia, with some interstitial 
tubercles and marked edema of the perivascular connective tissue. 

Block 6. Location: Main stem bronchus to the lower lobe near the hilum. 

Reading: Numerous areas of tuberculous bronchopneumonia, edema of the peri- 
vascular and peribronchial connective tissue, with some conglomerate tubercles in the 


lymph node at the hilum. 


No. 1199. E.B. Age forty-nine. This case shows the limitations of an X-ray reading. 
The densities on the right side, caused partially by hemorrhage and acute pneumonia, can- 
not be definitely read. The even qualities of the densities are not characteristic of tuber- 
culosis. The central tuberculous lesion located by the X-ray in the upper left lobe and 
verified by the gross pathological reading is interesting. 

X-ray Reading: Old scars are noted in the left apex. Just beyond the crotch of one of 
the trunks, approximately the lower branch of the second interspace trunk, which should be 
seen behind the third interspace, in a chest plate, is an area which suggests a central tuber- 
culous lesion or infarct. (There is a very slight tuberculous lesion seen near the ,pleura 
just beyond this.) On the whole, the markings of this lung are very much interwoven but 
definite tuberculous lesions are not general. Old scars and diffuse lesions are seen through- 
out the upper right, except at the vertebral border. The middle and lower right shows 
abnormal densities which are impossible to read. The markings of this lung are not char- 
acteristic of tuberculosis, although the scars in the pleura suggest such an etiology. 

Gross pathological description: Lower left lobe has been removed. Pleura is thickened 
over greater part of both lungs, but especially over the lower right lobe. 

Upper left lobe: An adhesion with pleural thickening is found on the apex posteriorly. 
In the lung in the area of the second interspace trunk posteriorly is found a conglomerate 
tuberculous mass. 

Microscopic pathology: 

Block 1. Location: Upper right lobe in area of first interspace trunk. 
Reading: Pleura is somewhat thickened and edematous. Extending from the 
pleura into the lung,’ along a septum, is a triangular fibrous scar, 8 mm. wide and 4 mm. 
in depth. The scar is pigmented and also shows some accumulation of lymphoid cells. 
Deeper in the section there are several areas of acute bronchopneumonia, showing much 
peripheral hemorrhage with intervening edema of the alveolar spaces. 
Block 2. Location: Upper right lobe just above no. 1 in area of vertebral trunk 
posteriorly. 
Reading: Section shows some chronic thickening of the lung framework, with a 
rather wide connective tissue scar involving the pleura and dipping into the lung. The 
lung tissue in general shows heavy edema with scattered areas of bronchopneumonia sur- 
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rounded by areas of hemorrhage. One area of hemorrhage which is roughly quadrilateral 
measures 1 by 1.5cm. Lung framework through this hemorrhage is not necrotic. 
Block 3. Location: Upper right lobe in anterior area of vertebral trunk. 

Reading: Pleura is somewhat thickened and edematous, with some old fibrous adhe- 
sions. The lung septa are edematous but not generally thickened. There is some an- 
thracosis with increase connective tissue about it in the septa and lung framework. There 
is also some emphysema and bronchial dilatation. The bronchi contain a purulent secretion. 
No tuberculosis is found. " 

Block 5. Location: Area of second interspace trunk in the upper left lobe. 

Reading: Pleura shows a cellular increase and some anthracosis. Lung tissue in 
general shows slight emphysema and moderate anthracosis. Deeper in the section there are 
several areas in which the lung framework is thickened. The thickening is apparently due 
to the presence of lymphocytes and large mononuclears within the lung framework, with 
some fibroblastic increase. In some of these areas the alveoli show organizing pneumonia. 
The lymphoid tissue in the neighborhood of the bronchi and vessels is increased in amount. 
One of these masses of lymphoid tissue shows a distinct conglomerate tubercle. 


No. 1124. J. Y. The striking and most interesting point in this case is the “snowstorm- 
like density” in the lower left lobe, which is due to hemorrhage and acute pneumonia. 
X-ray Reading: Plate is spotted. Both upper lobes show heavy tuberculous involve- 
ment and extensive cavitation. An area of calcification is seen along the left bronchus. 
Lower left lobe shows a snowstorm-like density which does not suggest tuberculosis. Lung 
tissue appears normal in lingual tip of the upper lobe and inferior portion of the lower lobe. 
Gross pathological description: Right lung: Upper lobe shows heavy involvement with 


tuberculous caseous pneumonia and extreme cavitation. Middle and lower lobes are prac- 
tically all consolidated with tuberculous, caseous pneumonia. 

Left lung: Upper lobe shows same condition as upper right with tuberculous caseous 
pneumonia and old cavities. Lower lobe in apex shows some firmness due to congestion 
and infiltration. Normal lung tissue is found in the lingual tip of the upper lobe and infe- 
rior margin and lower lateral third of the lower lobe. Small calcified area is found lateral 
to the left bronchus. 

Microscopic pathology: 

Block 1. Location: Posterior surface of the apex of the lower lobe. 

Reading: Pleura is only slightly thickened. Lung tissue shows extreme congestion 
of all vessels, scattered areas of acute bronchopneumonia with intervening edema and some 
hemorrhage. No tuberculosis seen in this section. 


No. 1218. B.J. 
X-ray Reading: All lobes show tuberculous involvement. The oldest tuberculous in- 


volvement is found in the upper left lobe. The predominant lesion in this lobe is old fibroid 
tuberculosis, with extensive cavity formation and much lobular caseation. The lower left 
lobe shows a large mass of caseous pneumonia involving a large part of the lobe, from the 
apex to the base along the mesial and posterior borders. Lateral to this is also found exten- 
sive caseous pneumonia which, however, is not so dense. A little good lung tissue is found 
along the anterior and lateral inferior margin of the lobe. The predominant lesion through- 
out the entire right side is caseous bronchopneumonia with some cavity formation. The 
entire upper lobe is infiltrated with a flocculent density; except for a narrow strip in the area 
of the vertebral trunk at the mediastinal surface. This lobe also shows a few small cavities. 
The middle lobe and upper one-half of the lower lobe show extensive involvement with 
caseous pneumonia, which, however, is not as dense as on the left side and undoubtedly 
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is more recent. The anterior and mesial portions at the base of the lobe are comparatively 
normal. 

Gross pathological description: Left lung: The upper lobe is extensively excavated by 
large tuberculous cavities and shows involvement in all parts with tuberculous caseous 
pneumonia and fibrosis. The lower lobe in general shows the same condition as the upper 
lobe with less cavitation. The heaviest consolidation is in the apex and posterior portion 
of the lobe. The anterior inferior margin of the lobe is soft and comparatively normal. 

Right lung: Upper and middle lobes both show extensive tuberculous caseous broncho- 
pneumonia in practically all parts. The areas of pneumonia are less confluent and the con- 
solidation is not as uniformly heavy as in the left lung. The upper lobe shows several small 
cavities. A narrow strip of lung tissue in the area of the vertebral trunk is comparatively 
free from tuberculosis. Lower lobe in its upper half shows a similar condition to that found 
in the other lobes without cavitation. The anterior inferior portion of the lobe is com- 
paratively normal. 

Microscopic pathology: 

Block 1. Location: Posterior inferior margin of the lower right lobe in area showing 
diffuse coarse mottling. 

Reading: Pleura shows fibrous adhesions. Lung tissue shows extreme edema and 
many areas of caseous and gelatinous bronchopneumonia. Some of the caseous areas join 
into an area, roughly 2 by 1 cm. Septa are not thickened and the lung framework is prac- 
tically normal. There is slight anthracosis. 


No. 1124. P.M. 

X-ray reading: Upper and middle lobes heavily involved with tuberculous caseous 
pneumonia. Upper lobe honeycombed with thin walled cavities. Lower lobe on posterior 
surface in the apex shows a fan. 

Gross pathological description: Lower lobe: The upper third is practically consolidated 
with caseous bronchopneumonia. On the posterior surface just below the apex is a definite 
triangular area of caseous bronchopneumonia, below which is an area of comparatively 
normal lung tissue. Along the main stem bronchus running to the base are scattered areas 
of bronchopneumonia, showing less caseation. Along the inferior margin the lung is soft 
and practically normal. There is some thickening of the walls. of the bronchi throughout 
the lobe. 

Upper and middle lobes: Practically consolidated with confluent tuberculous caseous 
bronchopneumonia. Both lobes show numerous thin walled cavities, especially the upper 
lobe which is almost entirely destroyed. 

Microscopic pathology: 

Block 1. Location: Anterior part of upper right lobe, showing peculiar thin walled 
cavities. 

Reading: Pleura shows fibrous thickening. Lymph vessels are dilated. Pleura 
is closely approached by several areas of tuberculous bronchopneumonia, which show soft- 
ening and beginning cavity formation in their caseous centres. Similar areas are seen 
deeper in section! Some fibrous thickening of septa and alveolar framework. No well 
marked interstitial tubercles. Some tubercles are found in dilated lymphatics. 

Block 2. Location: Base of lower right, showing comparatively normal lung tissue. 

Reading: Section shows in general normal lung tissue. Two small areas of tuber- 
culous bronchopneumonia are found and one caseous interstitial tubercle, adjacent to which 
there is thickening of the alveolar walls with organizing exudate in some of the alveoli. 

Block 3. Location: Apex of upper right lobe. 
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Reading: Considerable anthracosis. Marked interstitial sclerosis involving septa 
and lung framework. Numerous old caseous encapsulated tubercles in septa. Many 
areas of caseous and gelatinous tuberculous bronchopneumonia. 


No. 1128. G.H. 

X-ray reading: The entire upper lobe is honeycombed with cavities and is heavily 
involved throughout in caseous bronchopneumonia. The middle lobe is similarly involved 
with numerous smaller cavities. The anterior inferior margin just above the incisura shows 
greatly increased density due to uniform consolidation of caseation. A large calcified area 
is seen above and internal to the main bronchus. There is another one in the opposite 
side of the bronchus in the crotch and one further down the bronchus. The lower lobe in 
its apex shows a similar involvement of caseous bronchopneumonia with cavities. The 
main stem bronchus is very prominent and small caseous masses are seen along its course 
to the posterior inferior margin, where there is a density of caseous bronchopneumonia and 
a small dense mass of solid caseation. The posterior portion of the inferior margin is normal. 

Gross pathological description: The upper lobe shows numerous tuberculous cavities of 
various sizes. The entire lobe is involved with areas of tuberculous caseous bronchopneu- 
monia and small yellow tubercles. The middle lobe is similarly involved with numerous 
cavities. Along the main bronchus at the hilum are three areas of calcification. The ante- 
rior margin, especially at the inferior angle, is heavily consolidated with confluent tuber- 
culous caseous pneumonia. The lower lobe shows the same general condition in its apex 
with a few cavities. There are several scattered areas of tuberculous caseous pneumonia 
and yellow tubercles along the main stem bronchus, which is dilated and the walls of which 
are thickened. The same condition is found at the end of the bronchus at the base. The 
middle portion of the posterior surface is comparatively normal. 

Microscopic pathology: 

Block 1. Location: Posterior branch of the main stem bronchus to the lower lobe at 
the base. 
Reading: Pleura is not thickened. Septa are edematous. Lymphatics are dilated. 
There is seen one large encapsulated softened caseous mass, 3 by 3 mm., which on close exami- 
nation proves to be a bronchial wall with caseous contents. The muscle fibres are still 
noncaseated. Between this area and the pleura are several large interstitial conglomerate 
tubercles with slight surrounding pneumonia. The walls of the smaller bronchi are also 
involved in a caseasting process. 
Block 2. Location: Middle area of diaphragmatic surface of lower lobe. 
Reading: There is some calcification of the bronchial cartilages, and general edema 
of the connective tissue framework. Numerous areas of caseous bronchitis and caseous 
bronchopneumonia are seen. Some interstitial peribronchial tubercles are present. 


2. CASES OF PUERILE TUBERCULOSIS 


No. 1202. A.G. 

X-ray reading: Eight large and several small calcified areas can be seen at the right 
hilum. ‘All lobes of both lungs show diffuse disseminated tuberculosis with small cavities 
in both apices. The pathology is apparently diffuse caseous bronchopneumonia and general 
mniliary tuberculosis. The only normal lung tissue is at the extreme anterior inferior mar- 
gins of both lower lobes. 

Gross pathological description: All lobes of both lungs show a uniform diffuse scattering 
of small yellowish tubercles and confluent areas of tuberculous caseous pneumonia. There 
is softening and a few small cavities in the apices of both upper lobes. All lobes are prac- 
tically uniformly consolidated. The only comparatively normal lung tissue is found at the 
anterior inferior margin of both lower lobes. 
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Microscopic pathology: 
Block 1. Location: Lateral surface of the middle third of the lower left lobe. 
Reading: Pleura shows anthracosis and vascular dilatation. Section in general 
shows numerous areas of caseous and gelatinous pneumonia with intervening edema. There 
are also numerous interstitial miliary and conglomerate tubercles lying in the peribronchial 
tissue and in the septa. 


Fic. 11. No. 1168. X-Ray Cuest PLATE, FouR MONTHS BEFORE DEATH 


A mass of increased density involves the vertebral and the first interspace trunks of the 
upper right. Within this density are areas of lesser density which suggest cavities, con- 
nected to the bronchus within a mass of pneumonia which is probably tuberculous. There 
is a haziness throughout the remaining portion of the right lung, including the second inter- 
space trunks of the upper right and the middle and lower right lobes. This suggests gelatinous 
pneumonia due to tuberculosis. 

Left lung: A delicate fan is noted in the left apex which is probably due to the same 
etiology. The remaining portion of the left lung is clear. 

The prognosis is desperate on account of the caseous and gelatinous pneumonia involving 
the entire right side, in a child of eight years. Unless etiology other than tuberculosis can be 
substantiated, this prognosis must stand. 

Note: Such a lesion in an older patient must be differentiated from syphilis. 
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No. 1168. G.W. Ageeight. Colored. (See fig. 11 for X-ray plates of chest.) 

X-ray reading of lung plate (see fig. 12): Posterior surface to plate. Entire upper right 
lobe is heavily involved with tuberculous pneumonia and destroyed by cavities. Middle 
and lower right lobes are also badly involved by the same tuberculous condition. On the 
left side are found curious cone-shaped densities throughout the upper lobe and apex of 
the lower lobe. One triangular density is found below a pleural scar on the Jateral border 
of the upper lobe just above the incisura. Anterior surface of upper lobe near the vertebral 
margin shows a density of irregular shape. 


Fic. 12. No. 1168. X-Ray Lunc PLATE 


A—Cavity. B—Area of caseous bronchopneumonia. C—Area of caseous broncho- 
pneumonia. D—Pleural adhesion. E—Arch of aorta passing over left bronchus. F— 
Middle lobe G—Heart. 3, 4, and 5—Areas of respective blocks. 


Note: These lesions, in a child of eight, are an example of the puerile type of tuberculous 
infection, suggesting little resistance. The lymph nodes are greatly involved and there is 
massive destruction of Jung by heavy caseation with little sign of fibrosis. The densities in 
the left lung are very curious and apart from the lesions on the right side could not be read as 
tuberculous. The density of block 4 produced by caseous pneumonia is identical with the 
density which might result from an infarct. 
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The lesions in the left lung are sometimes spoken of as circular, central or globular lesions. 
Gross pathological description: Righi lung: The pleura over the entire lung is thickened, 
but especially at the apex, with numerous adhesions. All the lobes are bound together by 
very firm fibrous adhesions in the incisurae. The bifurcation and right paratracheal lymph 
nodes are very large and caseous. All the lobes are massively consolidated with confluent 
caseous pneumonia and riddled with cavities. The entire apex of the upper lobe is occu- 
pied by a cavity, measuring 4 by 5 cm., the next largest cavity being found in the apex of 
the lower lobe and measures 3 by 4cm. In the base of the upper lobe is found a large cavity 
which has broken through the pleural layers in the incisura into the middle lobe. The 
walls of the bronchi are markedly thickened in all parts of the lung and in the lower lobe 
the bronchi are in several places greatly dilated. The only air bearing tissue in the entire 
lung is along the inferior margin of the lower lobe and the anterior margin of the middle lobe. 

Left lung: The upper lobe is soft and air bearing throughout its greatest extent, but 
scattered through it are several isolated areas of caseous bronchopneumonia. The largest 
of these areas are found on the vertebral trunk, on the lateral surface immediately under the 
pleura in the area of the second interspace trunk, and just below the area of the same trunk 
near the hilum. The lingual tip also shows a few scattered smaller areas of caseous broncho- 
pneumonia. The lower lobe shows a picture much the same as that of the upper lobe. The 
areas of caseous bronchopneumonia are fewer and smaller; most of them are found in the 
apex. The walls of the bronchi are somewhat thickened. 

Microscopic pathology: 
Block 1. Location: Lymph node from hilum of right lung. 
Reading: Lymph node shows anthracosis, hemorrhage, miliary and conglomerate 
tubercles. 
Block 2. Location: Lymph node from hilum of left lung. 
Reading: Lymph node very similar to block 1 showing, however, larger tuberculous 
masses. 
Block 3. Location: Lateral surface of upper lobe just above the incisura. 
Reading: Lung in general normal, one small area of tuberculous caseous broncho- 
pneumonia. 
Block 4. Location: Lateral surface of upper lobe just above block 3 in triangular 
density seen on plate. 
Reading: Large areas of tuberculous caseous bronchopneumonia; one occupying 
apparently the whole of a secondary lobule with base on the pleura (see fig. 13). 
Block 5. Location: Upper border of cardiac notch. 
Reading: Thickened pleura and septa. Tuberculous caseous pneumonia close to 
pleura on both sides of septa. 


No. 1256. E.S. 
X-ray reading of lung plate (see fig. 14): Diffuse miliary tuberculosis; all lobes involved, 
but most marked in apex of upper right lobe. Calcification is seen to the right side of the 
trachea at the carina and at the bifurcation of the bronchi going to both upper lobes. A 
calcified nodule is seen in the upper right lobe near a scar below the lateral surface in an 
area mapped out as the first interspace. A small area of calcification is also seen in the 
upper left zone along one of the posterior branches of the second interspace trunks. A small 
cavity is seen in lingual tip. 
Gross pathological description: The pleura over both lungs appears normal. On the right 
side of the trachea immediately at the bifurcation is found a heavily calcified lymph node 
measuring 2.5 by 3 cm, 
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Right lung: upper lobe: In the area of the first interspace trunk on the lateral surface, 
1 cm. under the pleura, is found a calcified nodule, measuring 1.5 by 0.5 cm., surrounded 
immediately by emphysema and some radiating fibrosis. The entire lobe feels soft and is 
air containing but on section there is seen to be an even generalized scattering in all parts of 


minute white tubercles. 


Fic. 13. No. 1168. Microscopic SECTION THROUGH BLOCK 4 


Middle and lower lobes: show exactly the same generalized scattering of minute white 


tubercles. 
Left lung: upper lobe: Immediately above the main bronchus to the upper lobe at the 


hilum is found an old caseous lymph node (C) with some ca'careous infiltration, measuring 
2.5 by 3cm. In the lingual tip immediate to the main stem bronchus, but not connecting 
with it, is a small cavity (D), 1.5 by 1.5 cm., containing a white cheesy material. The rest 
of the lobe shows the same generalized scattering of minute white tubercles as in the right 
lung. Lower lobe: Shows exactly the same general condition as all the other lobes. 
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Microscopic pathology: 
Block 2. Location: Right apex below the notch for the subclavian artery. 

Reading: Pleura slightly involved. Many areas of tubercles surrounded by a 
slight border of pneumonia. On edge of section there is an irregular patch of pneumonia in 
which the exudate is largely polymorphonuclear leucocytes and which shows no caseation. 
(See fig. 15.) 


Fic. 14. No. 1256. X-Ray PLATE or LuNc; HEART REMOVED 


A—Calcified area under pleural scar. B—Calcified lymph nodes. C—Anterior basal 
margin. D—Posterior basal margin. E—Cavity in lingual tip. 2,3,4—Areas of respective 
blocks. 


Block 3. Location: Base of lower right lobe. 

Reading: Dilatation of lymphatics in pleura and septa. Increase in the connec- 
tive tissue cells of the pleura. Some increase in lymphocytes in framework, especially about 
the blood vessels. Deeper in the section there are a few caseous tubercles surrounded by slight 
tuberculous pneumonia. The bronchi show a purulent content and a lymphocytic infiltra- 
tion of their walls. 
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Block 4. Location: Area of second interspace trunk of upper right lobe. 

Reading: Edema and hemorrhage in the pleura. Increase in connective tissue cells 
and lymphocytes in the pleura. Marked dilatation of the lymphatics in the pleura and 
septa, with considerable number of lymphocytes and phagocytes in the septa] lymphatics. 
The lung framework is irregularly thickened by increase in connective tissue cells and by 
infiltration of lymphocytes and large mononuclear elements. A few alveoli contain mono- 
nuclear phagocytes, some lymphocytes and a few polymorphonuclear leucocytes. Anthra- 
cosis is relatively slight. No absolutely definite tuberculous lesion is found. 


Fic..15, No. 1256. Mucroscoric SECTION THROUGH 2 


No. 1095. M.J. Colored. 

X-ray reading of lung plates (see fig. 16): Right lung: A large mass of calcareous material 
is noted at the right hilum, just above and anterior to the eparterial bronchus. The trunks 
to the upper lobe are heavy, but the linear markings are not involved except for some studding 
along the linear markings of the posterior branches of the first and second interspace trunks. 
The middle and lower lobes cannot be definitely separated. The linear markings of what 
are probably the middle lobe trunks show some increased density with one or two spots of 
calcification. A similar area is seen in the lower part of the upper third of the lower lobe. In 
the lower lobe, along the posterior surface, near the inferior margin, there is an area of in- 
creased density suggesting caseous bronchopneumonia. Abnormal densities are noted 
along the main stem bronchus and the main branch of the main stem bronchus going to the 
middle and lower lobes. 
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Left lung: It is impossible to make out definitely the lobes on the left side because, first, 
the trunks cannot be made out on account of the general increased density extending from 
the apex to the base throughout all lobes and, secondly, the peripheral shadows suggest more 
than two lobes. The densities on the left side are undoubtedly due to caseation, but they are 
seen indistinctly, as though one were looking through a snowstorm. Undoubtedly they 
are the result of caseous pneumonia, but why the snowstorm effect must be determined. 
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Fic. 16. No. 1095. X-Ray PLATE oF LUNG 


Heart removed. Abnormal lobation with three lobes on the left side. 

A—Caseocalcareous lymph nodes. B—Cavities. C—Vertebral trunk. D—Second 
interspace trunk. E—Forceps used to support the lung. J, 2, 3, 4—Areas of respective 
blocks. 


Diagnosis: Caseous pneumonia throughout the lobes on the left side. The exact charac- 
ter of the pneumonia is not determined. Tuberculous lesions throughout the right side. 
Peribronchial tuberculosis noted in the upper lobe with a little caseous bronchopneumonia 
in the lower part of the upper lobe. Old caseous bronchopneumonia in the middle and in 
the upper third of the lower right and more recent caseous bronchopneumonia near the 
posterior margin of the lower right. 

Note: The most striking feature of this pair of lungs is that no definite apical or adult 
tuberculosis is made out. The lesions are comparatively small on the right side and are very 
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extensive throughout the left. The lesions on the left are caseous from apex to base. Such 
a distribution suggests peurile tuberculosis with a desperate prognosis or tuberculosis com- 
plicated with some other lesion such as syphilis. 

Gross pathological description: Left lung: Three lobes are found on this side. Upper 
lobe: is entirely uniformly consolidated with heavy tuberculous caseous pneumonia. Middle 
lobe: also shows heavy involvement with the same pneumonic process but the consolidation 
is less homogeneous and dense. There are several cavities in the upper portion of the lobe. 
The lower portion of the lobe shows some comparatively normal air bearing lung tissue. 


Fic. 17. No. 1095. Microscopic SECTION THROUGH BLOCK 1 


Lower lobe: in its greate:t extent shows the same heavy consolidation with tuberculous 
caseous pneumonia. A small amount of comparatively normal soft lung tissue is found at 
the inferior margin. 

Right lung: In the upper lobe just above the eparterial bronchus is found a large mass of 
calcified caseous lymph nodes. Except for some thickening of the walls of the bronchi the 
lung tissue appears normal. The middle lobe presents the same picture as the upper lobe. 
The lower lobe has the same general appearance as the other two lobes with extensive fibrosi: 
at the hilum. In the lower portion of the lobe are found a few rather firm areas suggestive 
of the exudation of bronchopneumonia. 

Microscopic pathology: 
Block 1. Location: Upper left lobe showing deep homogeneous density. 
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Reading: Section shows tuberculous pseudolobar gelatinous and early caseous pneu- 
monia. There is moderate anthracosis. Pleura shows thickening with diffuse infiltration 
with lymphocytes and dilatation of the vessels (see fig. 17). 

Block 2. Location: Upper right lobe in area between first and second interspace 
trunks. 
Reading: Section shows normal lung tissue except for anthracosis and mucopurulent 
bronchial secretion. There are some calcified cartilages in the walls of the bronchi. 


Fic. 18. No. 1063. X-RAy PLATE oF LuNG 


Heart intact; pericardial effusion. 
A—Carina. B—Compressed lower right lobe. 3, #—Areas of respective blocks. 


Block 3. Location: Apex of upper right in area appearing comparatively normal. 
Vertebral trunk. 

Reading: Section is in general normal except for anthracosis and mucopurulent 
bronchial secretion. About one small bronchus the alveoli are filled with exudate, con- 
sisting of fibrin, serum, large and small mononuclear cells, with few polymorphonuclear 
leucocytes. There is beginning caseation. 

Block 4. Location: Apex of lower right lobe. 
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Reading: ‘There are several areas in which the smaller bronchi show loss of epithe- 
lium and infiltration of the walls with lymphocytes. These are surrounded by small areas of 
pneumonia. At the edge of the section is one quite extensive area of tuberculous gelatinous 
and caseous pneumonia. 


No. 1063. A.B. This case is an example of a general miliary tuberculosis to which is 
added diffuse disseminated caseous bronchopneumonia. 

X-ray reading of lung plates taken October 15, 1916 (see fig. 18): Marked pericardial effu- 

sion. General miliary tuberculosis with diffuse disseminated, caseous bronchopneumonia 


Fic. 19. No. 1063. X-Ray CuHest PLatEs TAKEN SEPTEMBER 7, 1916, ONE MontTH 
BEFroreE DEATH 


Definite tuberculous lesions are noted in both apices and in the first interspace trunks 
of the upper right. The abnormal density about the heart and the right base density might 
be the result of tuberuclosis or compression. The pericardial effusion obscures the entire 
left base. An abnormal density obscures the right base. This is probably the result of 
fluid, because the surface of this density is definitely concave; but the right base is con- 
tracted and the effusion may be organized. The contraction is in contrast to the distention 
at the left base. 

Note: The general fibrosis, anthracosis and miliary tuberculosis found upon section and 
seen in the X-ray of the lungs cannot be made out from these plates or in plates taken two 
months before death. 

Postmortem examination shows much fluid in pleural and pericardial cavities. 


| 
4 
4 » q 
i 
4; 
4 
2 
q 


PATHOLOGY AND X-RAY DENSITIES 313 


throughout both lungs. Thickening of the pleura over the right lung. The incisura below 
the upper right lobe is abnormally heavy. (See fig. 19 for X-ray plate of chest.) 

Gross pathological description: All lobes of both lungs show a general diffuse scattering 
of caseous nodules and areas of tuberculous caseous bronchopneumonia. There is also some 


Fic. 20. No. 1147. X-Ray PLate or Lunc; HEART INTACT 


A—Arch of aorta showing calcification. B—Calcified cartilages in trachea and bronchi. 
C—Carina with neighboring calcified lymph nodes. D—Pericardial shreds. H—Tube used 
for inflation. /F—Forceps used to close tears in pleura. 1J—Area of block. 


general thickening of the walls of the bronchi and septa. Caseous lymph nodes with some 
calcification are found at the hilum of both lungs. 
Microscopic pathology: 
Bleck 1. Location: Lymph node at the hilum. 
Reading: The lymph node shows anthracosis and many miliary and conglomerate 
tubercles with slight caseation. 
Block 2. Location: Lymph node at the hilum. 
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Reading: Many caseous conglomerate tubercles with some calcium infiltration. 
Block 3. Location: Upper left lobe in area of first interspace trunk. 

Reading: Marked anthracosis. The pleura and septa show fibrous thickening. 
Numerous caseous conglomerate tubercles are found in the septa. There are many small 
tubercles scattered in the alveolar walls. The walls of the bronchi show caseation and 
contain exudate. Some peribronchial tubercles are seen. 

Block 4. Location: Upper right lobe in area of first interspace trunk showing a fan. 

Reading: The pleura is thickened, edematous and congested with some organizing 
fibrinous exudate on its surface. Extending from the pleura into the lung is a heavily pig- 
mented dense fibrous triangle with base on the pleura. Below this and practically continu- 
ous with it, is an encapsulated area of caseous pneumonia which is beginning to soften at 
its centre. About this are many recent miliary and conglomerate tubercles and some older 
interstitial caseous tuberculous masses. There is thickening of the alveolar framework in the 
vicinity of these masses. 


3. CASES WITH NONTUBERCULOUS LESIONS 


No. 1147. R.S. Age sixty-nine. The striking feature of this case is the single definite 
lesion in the right apex, the pathology of which cannot be read. It illustrates a limitation of 
the X-ray. 

Chest plate reading: Very slight lesions are noted in the vertebral trunk of the upper left 
lobe. A definite fan is seen on the vertebral and first interspace trunks of the upper right 
lobe. Neither of these densities are characteristic of tuberculosis. 

X-ray reading of lung plate (see fig. 20): Plates overexposed. Back of lungs to plate. 
A lesion is present in the upper right lobe near the vertebral margin. Linear markings 
throughout the remainder of both lungs are heavy and somewhat interwoven, but do not 
suggest tuberculosis. There is considerable calcification of the cartilages in the walls of 
the bronchi and also within the lymph nodes at the hilum. If calcification denotes tuber- 
culosis the latter is present; otherwise it is not suggested, except in apex of upper right lobe 
which is indefinite. 

Gross pathological description: Left lung: Pleura over the upper lobe and apex of the 
lower lobe shows several areas of fibrous thickening and some adhesions. The lymph nodes 
at the hilum are large and caseated with some calcification in the nodes and walls of the 
bronchi. Upper lobe: The apex has an increased firmness as of some fibrosis, but the entire 
lobe is air containing and shows no gross tuberculous lesion. ‘The bronchi are dilated and 
there is some thickening of their walls as well as those of the vessels. Lower lobe: Is soft 
and appears normal throughout except for some thickening of the walls of the vessels and 
bronchi, which are dilated. 

Right lung: The apex of the upper lobe is markedly foreshortened and contracted by a 
broad fibrous scar extending from the pleura into the lung for a distance of 2cm. The lung 
tissue surrounding the scar is contracted due to fibrous bands radiating out from the firm 
area. The scar is heavily pigmented and very firm, suggesting atelectasis or an old caseous 
fibrous scar of a latent tuberculous lesion. In the rest of the lobe the walls of the bronchi 
are thickened and at the hilum show some calcification. 

The middle and lower lobes appear normal except for a fibrotic thickening of the walls 
of the bronchi and the septa. 

Micrescopic pathology: 

Block 1. Location: Apex of right upper lobe. 
Reading: Anthracosis well marked; marked induration of lung extending from the 
pleura for a distance of about 1 cm. into the lung tissue. There are no definite tubercles in 
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the older connective tissue. Some areas show a recent caseation of the tissue. Bronchi 
lying in this tissue and extending into it from the inner side are dilated, have caseous walls 
and show a cellular content. Some edema of the alveoli. Chronic fibrous thickening of the 
pleura. Some congestion and hemorrhage in the pleura. Moderate fibrous thickening of the 
septa with some thickening of adjacent alveolar walls. Bronchi show purulent exudate 
with marked desquamation of epithelium. There is heavy lymphocytic infiltration of the 
bronchial walls with cellular increase in walls of alveoli. The lymphatics of pleura and one 
septum in particular are heavily filled with large mononuclear phagocytes. No absolute 
tuberculous lesion:is found (see fig. 21). 


Fic. 21. No. 1147. Mucroscopic SECTION THROUGH Brock 1 


Block 3. Location: Apex of left upper lobe. 

Reading: Pleura shows slight sclerosis in patches; some fibrous thickening of septa 
and lung frameworx, with considerable anthracosis in the lung framework. One heavy 
area of sclerosis extends from the pleura into the lung with radiating strands extending 
between the alveoli. This connective tissue shows marked infiltration of mononuclears in 
several areas. The bronchi, which are dilated, contain a purulent secretion and show a 
lymphocytic infiltration of their walls. There is no absolute evidence of tuberculosis. 

Block 4. Location: Midportion of upper left lobe. 

Reading: Except for anthracosis and small area of sclerosis about the pigment the 

lung tissue appears normal. 
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No. 1157. J. W. Age fifty-nine. The interesting points in this case are the aneurysm 
and the density in the middle and apex of the lower lobe. This density of a homogeneous, 
“snowstorm”-like quality might be the result of hemorrhage or pneumonia. Microscopic 
section shows it to be due to acute pneumonia: 

Reading of X-ray plate of lung (see fig. 22): Back of lung to plate. A large aneursym 
is made out just above the left bronchus compressing the left upper lobe. The entire upper 
left is blotted out by a large mass of increased density which suggests a “snowstorm” appear- 


Fic. 22. No. 1157. X-Ray PLate or Lunc; Heart INTAct 


A—Aneurysm of arch of aorta overlying the left bronchus. B—Tube used for inflation. 
C—Upper forceps used to support the lung. D—Lower forceps used to close a tear in the 
pleura. 1, 3, 4—areas of respective blocks. 


ance around the edges. A similar condition is seen in the lower left. This is not so dense 
and does not occupy the entire lobe. A definite triangular snowstorm density is seen in 
the posterior part of this lobe, extending from the hilum to the base. It is impossible to 
determine whether these are the result of hemorrhage or pneumonia. 

Right lung: The linear markings of the vertebral and the upper branches of the first 
interspace trunks are clear; but the posterior branches of the second interspace trunks are 
occupied by a large fan of homogeneous density which does not suggest tuberculosis, but 
might be the result of hemorrhage or pneumonia. Immediately behind the middle lobe, and 
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possibly within it, there is a large triangular area of increased density involving the main 
stem bronchus and reaching the pleura posteriorly in the apex of the lower lobe. It is impos- 
sible to determine whether this is the result of hemorrhage or pneumonia. In the lower 
part of the lower right, at the junction of the diaphragmatic anterior margins, is a small area 
of increased density which suggests acute pneumonia. 

Note: As the lesions within the right lung were definitely proved to be pneumonia, it is 
interesting to note that the right apex is unusually clear and to compare these pneumonic 
lesions with similar lesions due to hemorrhage. 


Fic 23. No. 1157. Microscopic SECTION THROUGH BLocK 1 


Gross pathological description: The arch of the aorta presents a large aneursym which 
pushes into the hilum of the upper lobe of the left lung to a point within 2 cm. of the anterior 
margin and 5cm. of the apex, causing marked compression of the lung tissue of the entire lobe. 
The aneurysm is filled with a laminated clot and thrombus and shows a constricted opening. 
In the posterior wall of the aneurysmal sac is found a rupture, 6 mm. in diameter, with 
hemorrhage into the apex and posterior part of that lobe of the lung. . 

Microscopic pathology: 

Block 1. Location: Apex of lower right lobe. 
Reading: Section shows practically uniform consolidation, the alveoli being densely 
packed with cellular exudate of an acute pneumonia. The vessels of the lung framework are 
congested. There is no caseation and no tuberculous lesion is found (see fig. 23). 
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Block 3. Location: Upper right lobe in area of second interspace trunk. 

Reading: Section shows some peripheral edema of the lung. Moderate anthracosis 
and emphysema. There are numerous small patches of acute bronchopneumonia with 
considerable neighboring edema. The lymphatics of the pleura are dilated with cellular 
exudate. 

Block 4. Location: Same trunk as block 3 but close to hilum. 

Reading: Section is through a large bronchus. Close to the bronchus the alveoli 
are occupied by an acute exudate. The lymphatics are dilated and there is some edema 
adjacent to the bronchus. No tuberculosis found. 


No. 1096. RR. S. This case is especially reliable to show nontuberculous densities. The 
densities in the lower left lobe due to infarcts are interesting to compare with the density 
which might be.produced by caseous pneumonia as in case 1168, G. W. The absence of 
any apical lesion and the fact that the densities grow progressively heavier from above down, 
would make it seem most probable that the condition was not tuberculous. 

X-ray reading of lung plate (see fig. 24): Back toward the plate. Upper right side is 
most involved. Masses around eparterial bronchus which suggest glands containing practi- 
cally no calcification except very near the bronchial wall. Around the main stem bronchus 
of the lower right lobe are calcified areas which appear to be in the surrounding lung. Bron- 
chus on the left side is comparatvely clear but the trunks of the upper lobe are heavy and 
capped. The posterior left apical bronchus is studded and apparently reaches the posterior 
surface. There is an unusual density at the anterior margin of the base of the left upper 
lobe which involves the iingual tip and the posterior basal margin of the lower lobe. Another 
area of similar density is seen at the base of this lobe on diaphragmatic surface. On the 
right side in the upper lobe delicate fans are seen in the vertebral, first and second interspace 
trunks. These involve mostly the lateral and posterior surfaces. Many diffuse fans are 
seen in the lower right lobes. Densities grow progressively heavier from above downward. 
Areas of blocks 1, 2 and 3 along the first interspace trunk of the upper left lobe suggest peri- 
bronchial and perivascular inflammation with small areas of calcification along the bronchus. 
One trunk is distinctly capped. Linear markings are heavy, interwoven and do not reach 
the periphery. The picture is a typical example of so called “peribronchial” and “peri- 
vascular” tuberculosis which we maintain cannot be definitely diagnosed from the X-ray 
plate. Such increased densities barring calcification may be due to other etiology than 
tuberculosis. 

Gross pathological description: Right lung: The lymph nodes at the hilum are slightly 
enlarged and heavily anthracotic. There is very considerable fibrosis and thickening ofthe 
walls of the large bronchi and vessels at the hilum with some calcification in the walls of the 
bronchi. Upper lobe: The lung tissue in general is soft and air bearing. There is consider- 
able thickening of the walls of the bromchi and septa of the lung with slight dilatation “of 
the bronchi. There are also some scattered areas of firmness, suggesting infiltration and 
pneumonia exudation as bronchopneumonia, especially in the areas of first and second inter- 
space trunks. Middle lobe is abortive. Lower lobe shows the same general condition as the 
other lobes with larger areas of bronchopneumonia, especially at the base. There is con- 
siderable congestion and some hemorrhage. 

Left lung: Lymph nodes at hilum show considerable pigment. Bronchial walls are thick- 
ened with some calcification. Upper lobe shows the same thickening of the walls of the 
bronchi and septa as in the right lung. There are a few scattered areas of pneumonic exu- 
date. The extreme lingual tip is firm with infiltration and shows a peculiar honeycombed 
condition with bronchiectatic cavities. Some of this may be an artefact due to improper 
inflation. A few minute white areas are also seen, but no definite tuberculosis can be grossly 
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made out. Lower lobe has the same general appearance as the other lobes with thickened 
septa and bronchial walls. There is considerable congestion, some hemorrhage, and a few 
areas of bronchopneumonia. On the inferior margin, bordering on the diaphragmatic and 
lateral surfaces immediately under and in the pleura, is a round depressed white firm area 
(1.5 by 2 cm.) surrounded by hemorrhage, the lesion suggesting an old infarct. On the 
posterior surface and on a higher level is another similar area which is larger. 


Fic. 24, No. 1096. X-Ray PLATE oF LUNG 


Illustrates heavy trunks, “peribronchial thickening’ most marked in the upper left lobe, 
without tuberculosis. 

A—tTube used to inflate the lungs. J, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13—Areas of 
respective blocks. 


Microscopic pathology: 
Block 1. Location: Upper left lobe in peripheral area of first interspace trunk. 
Reading: Lung section is in general comparatively normal. A large bronchus shows 
some calcification of its wall. Between the bronchus and the artery is a comparatively large 
amount of coal pigment, surrounded by connective tissue. The lymphatics in the septa are 
dilated. There is slight edema of the alveolar spaces, and the alveolar walls are thin, appar- 
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ently due to some emphysema. There is some purulent secretion in the bronchi, and adja- 
cent to a small bronchus a few alveoli show an exudate of polyraorphonuclear leucocytes. 
There are also signs of bronchial dilatation. 
Block 2. Location: Same trunk as block 1, only nearer the hilum. 
Reading: Quite similar to block 1. No tuberculosis found. 
Block 3. Location: Same trunk as blocks 1 and 2, only nearer the hilum. 
Reading: Section is very similar to preceding ones. There is more marked involve- 
ment of the smaller bronchi and of adjacent alveoli by acute exudate. 
Block 4. Location: Upper left lobe in area of second interspace trunk at point of 
greatest density. 
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Fie. 25. No. 1096. Microscopic SECTION THROUGH BLOCK 6 


Reading: Well marked calcification of bronchial cartilages; edema of the perivascu- 
lar and peribronchial connective tissue. Some dilatation of the lymphatics and some 
anthracosis. Slight pulmonary edema. No tuberculosis. One lymphatic shows a valve. 

Block 5. Location: Second interspace trunk, peripheral to block 4. 

Reading: Pleura is not thickened but appears densely fibrous with some anthracosis. 
Septa are somewhat thickened by fibrous tissue. There is moderate anthracosis and slight 
emphysena. No tuberculosis. 

Block 6. Location: Base of lower left lobe. 

Reading: Section is in general similar to the previous sections but shows however a 
more or less wedged shaped area with base on the pleura, in which there is necrosis of lung: 
framework and alveoli are filled with red blood cells. The area has been invaded by a 
heavy line of leucocytes which arefragmented and necrotic. Histological diagnosis: Old 
hemorrhagic infarct (see fig. 25). 
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Block 7. Location: Area of second interspace trunk in upper right lobe showing a 
delicate fan. 

Reading: Section shows numerous areas of acute bronchopneumonia, the alveoli 
being filled with polymorphonuclear leucocytes without caseation and without tubercle 
formation. 

Block 8. Location: Upper right lobe immediately above block 7, showing a fan. 

Reading: Areas of acute bronchopneumonia as in block 7. No tuberculosis. 

Block 9. Location: Extension of block 8 toward the hilum. 

Reading: Large bronchi are dilated with slight calcification of the cartilages. There 
is some purulent exudate, edema of the perivascular and peribronchial tissue. Small area of 
acute pneumonia. 

Block 10. Location: Extension of block 9 toward the hilum. 

Reading: Large bronchi and vessels are quite similar to block 9. There are also 
patches of acute pneumonia. The lymph node at the hilum shows well marked anthracosis 
but is free from tubercles. 

Block 11. Location: Lingual tip of left upper lobe. 

Reading: Pleura is thickened and shows dilatation and congestion of its blood 
vessels. The lung framework is markedly thickened throughout the section. The blood 
vessels are dilated and engorged. The bronchi are enormously dilated, one of them imme- 
diately under the pleura measuring 3 mm. across. The walls of the bronchi are thickened 
and the mucosa is desquamated. Surrounding several of the large bronchi are areas of lung 
tissue showing thickened alveolar walls and heavy acute exudation of bronchopneumonia. 
The cartilages in the walls of the bronchi show calcification. No tuberculosis is found. 

Block 12. Location. Lingual tip of left upper lobe. 

Reading: Section is in general similar to block 11 showing thickened pleura, dilated 
and congested blood vessels, thickening of lung framework and alveoiar walls, marked 
bronchiectasis, calcification of bronchial cartilages and patches of acute bronchopneumonia. 

Block 13. Location: Middle of posterior surface of left lower lobe. 

Reading: Pleura is thickened and markedly congested. Immediately under the 
pleura is an irregularly shaped area with base on the pleura showing necrosis of lung frame- 
work, heavy infiltration of polymorphonuclear leucocytes and a border of hemorrhage. On 
the border of this area the blood vessels are engorged and there are signs of organization. 
Histological diagnosis: Hemorrhagic infarct. 


CONCLUSIONS 


This study of abnormal lung densities has been limited largely to 
normal and tuberculous lung tissue. Further studies are necessary 
and hold great promise. Normal lung tissue can be detected with accu- 
racy so far as our experience has been able to determine. 

The ease of detecting abnormal densities within the lung is due to the 
slight densities cast by normal lung structures. 

“Peribronchial and perivascular thickening” does not always mean 
‘peribronchial or perivascular tuberculosis.””’ We have never found it 
associated with tuberculosis in an adult unless accompanied with fans 
toward the periphery. By this we do not imply that it may not be 
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associated but that the fact that we have never found it disproves its 
diagnostic value. 

The great value of X-ray study is that it can be used during the life 
of the patient to ascertain the character and extent of the lung lesions 
and to follow their development. 

Certain densities suggest definite cellular pathology. Etiology is 
deduced by a study of the entire lung fields, and with a less degree of 
accuracy a prognosis is made. 

The independent X-ray report from a purely laboratory standpoint 
has great value; but its greatest value is found when it is used to interpret 
in terms of definite pathology the physical findings by one trained to 
study the entire economy of the patient. We wish to warn against 
the reverse method of study, namely, the attempt to study plates in 
the light of the physical examination and the clinical condition of the 
patient. Almost any pathology can be read into a plate by a clinician 
with a keen imagination. Thus the plate reading should be made be- 
fore the signs and symptoms of the patient are known. 

Finally, plates are being read by eminent roentgenologists over our 
country with very different conclusions. We believe that an effort 
should be made to correlate our knowledge, and to determine a standard 
terminology so that at an early date we may arrive at a standard inter- 
pretation of X-ray chest plates. 


| 
| 
| 
] 
| 
| 
3 
i 


APICAL PLEURITIS AND ITS RELATIONSHIP TO 
PULMONARY TUBERCULOSIS 


A STATISTICAL STUDY OF STEREOSCOPIC ROENTGENOGRAMS 
OF 366 CONSECUTIVE ADULT CHESTS 


JAMES G. VAN ZWALUWENBURG anp G. P. GRABFIELD 
From the Department of Roentgenology, University Hospital, University of Michigan 


In this report we purpose to study the roentgenological signs which 
we have learned to interpret as evidences of an apical pleuritis; its inci- 
dence, its morphology, and its relationship to pulmonary tuberculosis, 
and to prove thereby the essentially tuberculous nature of this condi- 
tion. A study of its relationship to tuberculosis of the tonsil and of 
the cervical lymph glands has already preceded this in a paper from 
this laboratory (1). 

Our attention was first attracted to this sign by the observation of a 
rather dense linear shadow lying just beneath the second rib and over 
the apex of the lung as seen in the stereograms of the chest taken in 
the routine postero-anterior direction. Observation showed that such 
shadows are present in a considerable number of cases and that certain 
suggestive variations of this shadow occur with still greater frequency, 
shading by insensible gradations from a mere suggestion of a linear 
shadow to a broad band of reticulation indistinguishable from that of a 
tuberculous involvement of the subpleural layers of the lung. 

The typical shadow is usually found lying just below the lower border 
of the rib, separated from it by a c’ear space of from 2 to 4 mm. and per- 
haps 1 or 2 mm. thick. It is usually continuous for 1 or 2 inches and is 
commonly lost at either extremity in the shadows of the other structures 
of the thorax. Under exceptional circumstances it may be traced in 
those portions of the chest where the conditions are favorable or into the 
axilla as an extension of the residual shadow of a pleural effusion or 
empyema. Conditions seem to be unfavorable for its recognition along 
the border of the soft tissues of the mediastinum or along the anterior 
and posterior surfaces of the chest wall. Altogether it gives the impres- 
sion of a tangential view of a thin sheet of connective tissue in the exact 
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position of the pleura over the superior and the lateral-superior surfaces 
of the apex. 

The density of this line is not directly proportional to its thickness 
but varies through a considerable range. It is generally less dense in 
the wider examples. The suggestion that the denser and narrower 
shadows result from the condensation of the broader ones is supported 
by the evidence of serial plates taken at long intervals, which, in several 
instances have demonstrated a simultaneous narrowing of the line with 
an increase in its relative density. The narrowest recognizable lines 
are obviously of the denser type and may be exceedingly narrow. 

The shadows of lesser density are less easily recognized unless they 
have considerable thickness. In such lines the superior surface is in- 
variably smooth and regular, corresponding with the outline and posi- 
tion of the potential pleural cavity. On their visceral surfaces they 
frequently are irregular; and careful examination will show tiny pro- 
jections and elevations extending for 2 or 3 mm. into the lung tissue. 
This surface is commonly much less dense than the upper, so that some 
difficulty in determining the exact limits of the shadow arises. Else- 
where small tentlike conical projections may be seen with their bases 
against the pleura; and from their apices may extend long linear shadows 
in the direction of the hilum, the whole appearing like “‘a morning glory 
with its bell applied to the pleura.” 

By imperceptible gradations these shadows merge into the well rec- 
ognized reticular and mottled shadows of an apical tuberculosis, until 
one cannot determine in how far these opacities lie in the pleura as dis- 
tinguished from the lung. As a matter of fact, the study of such a 
series leaves one with the impression that both pleura and lung are in- 
volved and that one sees the progressive stages of an invasion of the 
lung from its pleural surface. . 

For statistical purposes it was necessary to subdivide this continuous 
series and to establish certain metes and bounds, however arbitrary 
they might appear, with the idea of a subsequent redistribution or 
combination of thé various types into fewer and larger classes. Guided 
by our experience with this shadow we adopted the following classi- 
fication: 

Class A. The “faint line,’”’an exceedingly tenuous linear shadow, seen 
only in brilliant plates and recognized as definitely within the thorax 
in a good stereoscopic pair only. The distinctions from the double 
images produced by thick mirrors and from the double contoured rib 
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shadows produced by imperfect fixation of the-chest during the exposure 
of the plate must be carefully drawn. 

This classification was reserved for the instances where there might 
be difficulty in convincing the unsophisticated eye of the accuracy of 
the observation. 

Class B. The “distinct line,” one in which there could be no reason- 
able doubt, the most conspicuous of the series, of considerable density, 
and smooth on both surfaces. As already noted, these are assumed to 
represent cicatrices rather than active pathological processes. 

Class C. The “mossy line,” one of lesser density, smooth on the 
parietal surface, but with irregularities of still lesser density appearing 
to penetrate the interstices of the lung tissues. 

Class D. The “proliferating line,” one showing tentshaped projec- 
tions with or without linear extensions towards the hilum of the lung. 
In most instances, other evidences of tuberculous infiltration are present 
in the deeper portions of the lung or in the hilum. 

Class E. The “obscure line,” resulting from the superposition and 
multiplication of pathological shadows obviously in the lung itself, so 
that the identification of the pleural element was impossible. These 
confusing shadows were in all cases those of advanced tuberculosis. 

Classes F and G. Those cases in which the field was obscured by in- 
trinsic shadows or by technically imperfect plates respectively. 

The observations and classifications were made by three observers 
familiar with this classification and with the appearances of the “line,” 
working in pairs or in a group of three. The final disposition of any 
doubtful case was made only on the agreement of all persons. Differ- 
ences of opinion occurred principally in class A and in the distinction 
between classes C and D. In the former case conservatism demanded 
that the case be rejected and thrown into the negative column. As will 
be noted below, the whole class was finally disposed of in this manner. 

As between C and D, the distinction being one of degree largely and 
therefore arguable, the classification was made only on the agreement 
of all parties. 

Besides the notations on the presence or absence of the “pleural line” 
in its various forms, observations on the condition of the lungs and the 
remainder of the pleural cavity were added, that is, the presence of 
pneumonia, abscess, empyema, pneumothorax, etc. Considerable diffi- 
culty arose over a group of 21 cases showing doubtful signs of pulmonary 
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tuberculosis but insufficient to justify that diagnosis. These were classi- 
fied separately. 

All the plates of the chest examinations made during the months of 
May, June, and July of 1920 were reviewed. They were taken in serial 
order and without reference to the typewritten records of the clinical 
or roentgenological diagnosis previously made. The notations were made 
by serial number only and at no time was the name or clinical record 
compared with the observations of this study until the final notation 
had been made. 

This three months’ period was one that was comparatively free from 
acute infections and epidemics of respiratory diseases. The material 
of the roentgenological department comes mainly from the medical 
outpatient service and the wards of the hospital. In every case the 
patient had been clinically examined and the suspicion of tuberculosis 
or other pulmonary disease had justified the examination by the X-ray. 
Therefore the material is not an accurate cross-section of the population 
of this district but probably is not very different from the class of patients 
coming to the ordinary X-ray laboratory. 

Where the patient has a record of more than one roentgenological 
examination, all the records were considered but only the last was in- 
cluded in the tabulation. Stich series, however, serve to demonstrate 
the constancy of the lesion over a relatively long period of time in some 
cases, while in others there has been a change in the type of the lesion 
but never a total disappearance. One case presents the sequence of a 
“negative,” a class A, and a class D reading while another demonstrates 
a recession from a class C to a class B type of shadow. In several in- 
stances the change has been one of degree rather than that of type, a 
distinct line becoming less distinct and vice versa. On the whole, we 
acquired the impression that class B shadows show less tendency to 
variation than the others, an assumption in agreement with the idea 
that they represent cicatrices rather than active progressive lesions. 

Practically all the important information derived by this system of 
classification is contained in the preliminary diagram here reproduced. 
The original diagram was compiled as follows. A sheet was laid off into 
rectangles with the right sided lesion arranged to read horizontally 
and the left sided lesions to read vertically. The significance of the var- 
ious rectangles is indicated by the marginal letters whose meaning is 
given in the legend. The case numbers were then introduced into the 
proper squares describing the condition found. By using the case num- 
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bers, it was easy to identify any case which appeared unusual or out of 
place and to verify the original findings. The cases found in each rect- 
angle were finally enumerated and their totals introduced into a second 
chart of similar notation, which is the chart here reproduced. 


Chart 1 


Preliminary Diagram. 


ay az|by bz|cy cz|dy dz 
2 1 3 


13 


NortaTIon: Letters ag, left sided lesion of class indicated; A—G right sided lesion of class 
indicated; w, right lung free from tuberculosis; x, right lung with frank tuberculosis; y, left 
lung free from tuberculosis; z, left lung with frank tuberculosis. . 


For statistical purposes the chart needed further condensation and 
elimination of cases of doubtful or no bearing on the relationships we 
wished to study. Since the principal interest lay in the connection 
between pulmonary tuberculosis and the shadows described, all non- 
tuberculous conditions were excluded. Cases showing evidence of 
present or past pleural disease not confined to the apex were also ex- 
cluded on the grounds that the apical shadow might reasonably be sup- 
posed to be a part of the general pleural process. It was recognized that 
some of these were undoubtedly tuberculous in nature, but neither the 
sequence nor the common etiology could be determined. Similarly 
the cases showing doubtful signs of tuberculosis were excluded for ob- 
vious reasons. Classes E, F, and G were excluded as presenting un- 
satisfactory data. 
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Table 1 shows the numbers excluded on these various counts. 
Finally, it was found necessary to throw class A into the negative 
column in the interests of conservatism and classes B, C, and D were 
combined into one, leaving only two classes with respect to the pleural 
shadow, namely, a “positive” and a “negative” class, and two classes 
TABLE 1 


Selection of cases for tabulation 


Cases rejected: 
For obscurity of plates: 


236 


with respect to pulmonary tuberculosis, namely a “positive” and a 
“negative” class. This was found necessary because the labor of the 
calculations involved rapidly increased beyond all reasonable bounds 
with the multiplication of classes and because the larger groups to some 
extent reduced the liability of-error inherent in the statistical study of 
limited numbers of cases. 


Chart 2 


c-y | e-z | a-y | d-z 
a-w 4 6 Incidence 
(58.6)| (146)) (252) (6.27 Expectation 
a-x | 9 3 2 2 {Incidence 
(248)| (60)| (102) (2.6)\Expectation 
p-w | 20 0 21 6 Incidence 
(35.5)) (8.8)) (15.3) (3.8) Expectation 
b-x | 17 6 22 \|JIncidence 
(13.7)| (3.4)) (5.9)| (15) Expectation 


Notation: a, right pleura free; 5, right apical pleuritis; c, left pleura free; d, left apical 
pleuritis; w, right lung free from tuberculosis; x, right lung with frank tuberculosis; y, left lung 
free from tuberculosis; 2, left lung with frank tuberculosis. 


Chart 2 is the result of such condensation. It gives all the combina- 
tion possible in a person having two pleura and two lungs, any one of 
which may or may not be diseased, and in this chart are tabulated all 
the cases that meet the requirements previously laid down. 

This chart (like the others) is symmetrical with respect to the diagonal 
running from the right upper to the left lower corner and the rectangles 
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intersected by this diagonal represent the cases with symmetrical 
lesions. The rectangles to the left and downwards of this line represent 
cases with predominantly right sided involvement while those on 
the right and above the line represent predominantly left sided 
involvement. 

Cursory examination of this chart shows a number of interesting ob- 
servations. For instance, éxactly one-half of the cases listed after the 
exclusions just noted, were free from any evidence of pathology in the 
lungs or pleurae. When one includes the 43 cases of advanced tuber- 
culosis excluded because of the confusion of shadows (see table 1), the 
21 excluded because of the doubtful significance of observed shadows 
in the lungs, and the 42 cases of pleural and “‘nontuberculous disease” 
omitted, one finds that only 34 per cent of the total number of plates 
with satisfactory radiographic records escape all suspicion of trouble 
in the chest. 

In distribution the lesions are obviously more numerous on the right 
side, and the totals in the rectangles on the diagonal line (symmetrical 
lesions) are conspicuously large with the single exception of the rectangle 
a-x-c-2. The highest totals occur at either extremity of this diagonal. 

The significance of these features and the relationships they imply 
are not clear to casual inspection or simple tabulation because we have 
no criteria with which to compare the incidences in each group. Causal 
relationships or the consequences of common causes can be demonstrated 
- only if it can be demonstrated that the distribution of the lesions is other 
than that which one would expect to find if a similar number of lesions 
were to be distributed among a similar number of individuals by the 
simple laws of chance. Fortunately, such a comparison is possible 
since the calculation of such a distribution is reached without great 
difficulty. 

For the sake of the demonstration of the principle involved we may 
take the relatively simple questions of the frequencies of occurrence and 
the relationships of the apical pleuritis on the right alone, on the left 
alone, and bilaterally (see chart 3). 

From chart 2 one may compile the cases of the a-c group falling in the 
four rectangles a-w-c-y, a-w-c-2, a-«-c-y, and a-x-c-z, that is, 132 cases 
representing the number of individuals with a pleural shadow in either 
apex. Similarly the a-d group contains 15, representing the individuals 
having a unilateral left pleuritis. The b-c group numbers 33 with a 
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unilateral right pleuritis and the b-d group with a bilateral pleuritis 
numbers 56. This is a total of 236 cases for the entire series. 

Each of these individuals has a right and a left pleural cavity. Out 
of the 136 right pleurae, 33 are involved alone and 56 are involved with 
the left or a total of 89 times out of a possible 236. The incidence of 


Chart 3 


_ Tabulation of the four possible combinations of 
pleuritis giving actual incidences and expectations on the 
theory of chances. Notation asin Chart 2 


236 


right pleural shadows is therefore 89 +236 =0.3771 (see table 2). This 
may be termed the “‘rate of expectation” for the individuals of the whole 
group to this specific lesion. The “rate of expectation” of his escaping 
this lesion is 1.000 —0.3771 =0.6229. These rates may be designated 
“b” and ‘‘a” respectively in -harmony with the indices of the chart. 


TABLE 2 


Incidences of pleuritis and pulmonary tuberculosis 


NUMBER OF 


CASES RATE LETTER 


Right apical pleura normal... 147 0.6229 a 
Left apical pleura normal... 165 0.6991 


71 0.3009 d 
168 0.7119 w 


0.1992 


The values of ‘‘c”’ and “‘d”’ are calculated in a similar manner and found 


to be 0.6991 and 0.3009. 
The total expectation for the individual right pleural cavity is 


expressed by the equation 
a+b =1= 0.6229 + 0.3771. 


| 
d 
(102.8) (442 
(62.2) (26.8) 
i 
of 


APICAL PLEURITIS AND PULMONARY TUBERCULOSIS 


The expectation for the left pleura is expressed by the equation 


c+d=1 = 0.6991 + 0.3009. 


The combined probabilities for the individual having two pleurae 
and taking two chances is expressed by the product of the two equations, 
that is, 

(a+b=1)e€+d=1) =act+ad+be+ bd = 1. 


The value of ac represents the expectation of any individual of escap- 
ing all involvement, ad the expectation of having the right free but the 
left involved, bc of having the right only involved and bd of having a 
bilateral involvement of both pleurae. 

The expectation for the entire group is obviously equal to the rate 
of expectation for the individual multiplied by the number of individuals 
in that group. Thus the number of cases one would expect to find having 
a bilateral involvement out of a group of 236 would be represented by the 


expression. 
236 X b X d = 236 X 0.3771 X 0.3009 = 26.8. 


Similar values for the three remaining groups have been calculated 
and introduced in parentheses in chart 3. 

Reference to this chart shows that if the lesions had been distributed 
without relation to each other and purely as by chance, one would have 
expected to find 102.8 cases without pleuritis in either apex, which is 
29.2 short of the actual incidence. Similarly one would have expected 
to find 26.8 cases with bilateral involvement, which is again 29.2 short 
of the actual. On the other hand, the unilateral lesions are less numerous 
than the expectation by exactly the same total number. 

Obviously this distribution is not by chance, but the existence of one 
lesion influences the development of the second, either by predisposing 
to involvement of the opposite side or by protecting against such exten- 
sion. ‘The direction of this influence may be inferred from the direction 
of the resulting dislocation of the groups in the series. 

If one conceives of the total number of lesions being distributed to a 
group of 236 cases, the assignment of an unusual number of lesions to 
individuals already having one lesion will at the same time produce an 
excess of those having two lesions and will rob an equal number of in- 
dividuals of the one lesion to which they are entitled on the doctrine 
of chance. The result is a dislocation of an equal number of cases 
toward the ends of the scale and away from the middle, that is, an ex- 
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cess of those that escape and of those with bilateral lesions and a deficit 
in the groups with the unilateral involvement. If, on the other hand, 
one lesion protects the individual against the development of a second, 
certain of the lesions which would have gone to individuals already having 
one will be assigned to individuals that have a right to expect to escape, 
with a resulting dislocation of numbers from the ends and towards the 
middle. 

In the series under consideration, the former conditions obtain, and 
we cannot escape the conviction that the occurrence of one lesion pre- 
disposes toward the second. 

In chart 2 the values of the group expectations calculated on the fore- 
going principle, but for four conditions, have been introduced in paren- 
theses in the corresponding rectangles, and the data necessary for the 
calculations are included in table 2. 

This chart, while at first glance rather intricate, is really very simple. 
For example, the number 21 in the third rank and the third file of the 
chart represents the actual number of cases having found the specifica- 
tions b-w-d-y, which reference to the legend proclaims have a pleuritis 
on the right side, no pulmonary tuberculosis on the right side, a pleuritis 
on the left and no tuberculosis on the left; in other words a bilateral 
apical thickening without evidence of pulmonary tuberculosis. The 
number 15.8 in parentheses in the same rectangle is the number one would 
have expected to find in this group on the hypothesis of a distribution 
of the lesions on the doctrine of chance. 

An examination of chart 2 shows a similar dislocation of numbers 
as was noted in chart 3, namely, an excees in the left upper rectangle 
representing the negative cases, a minimum as compared with the ex- 
pectation in the rectangles adjoining, and a gradual but not uniform in- 
crease to the maximum ratio in the right lower rectangle consisting of 
cases with involvement of both lungs and both pleurae. This is exactly 
the type of dislocation that would be expected to result if the presence 
of one lesion predisposes to further involvement. 

For the further study of the relationships between the various groups 
represented in the chart it would be well if we could find a numerical 
expression for the tendency or “‘predisposition” on the part of the in- 
dividual towards the various combinations. Such a measure is not at 
hand. The ratio of theincidence to the expectation is not such ameasure, 
since it depends not alone on the tendency of one group to the acquisi- 
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tion of an additional lesion but on the balance between the tendencies 
to gain numbers on the one hand and to lose on the other. 

It is quite impossible to study all of the possible consecutive steps in 
the scale from no lesion to 4 lesions because these number no less than 32, 
and we have no way of distingiushing the sequence by which any case 
has arrived at its present stage of development. If one groups the com- 
binations of lesions as groups of the zero, first, second, third, and fourth 


Chart 4. 

Ratios of incidence expectation inthe groups of 
Chart 2. Notation asin Chart 2. 

c-y | c-z | d-y | d-z 
2.0 | 0.14 |0.197| 0.96 
0.87| 047| 0.20) 077 
0.27| 0.00} 1.38| 1.37 
1 24| 177| 1.18 | 14.60 


TABLE 3 


Association of lesions arranged by “orders” 


EXPECTA- 


INCIDENCE TION 


No lesion (zero order) 118 
One lesion (first order): 
Unilateral pleurisy 
Unilateral pulmonary tuberculosis..................- 
Two associated lesions (second order): 
Bilateral pleurisy 
Homolateral pleuropulmonary 
Bilateral pulmonary 
Contralateral pleuropulmonary 
Three associated lesions (third order): 
Bilateral pleural plus unilateral pulmonary.......... 
Unilateral pleural plus bilateral pulmonary 
Four associated lesions (fourth order): 
Bilateral pleural plus bilateral pulmonary 


orders according to the number of lesions present, we find four possi- 
bilities between the zero and the first orders, 12 between the first and 
second orders, 12 between the second and third orders, and 4 between 
the third and fourth orders. 

One can, however, study the deviations from the uniform gradient 
in the ratios of the groups within the different orders, and so point out 
those conditions which have a tendency toward stability or otherwise, 


RATIO 
59.0 2.0 
61.0 0.25 
40.0 0.28 
15.0 1.4 
20.0 
6.0 0.5 
19.0 0.1 
9.0 1.4 
6.0 1.8 
14.6 
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as compared with the other members of the same order. These ratios 
have been calculated and charted in chart 4. In table 3 are given in 
tabular form the calculations of these ratios for certain relationships 
within groups of the same order. 

Our use of the term “rate” in the foregoing paragraphs will probably 
offend the meticulous mathematician, since a ‘‘rate’’ ordinarily involves 
a time element. As a matter of fact the time element is present in our 
problem and the rate which we have calculated represents the average 
rate for a time interval equal tothe average age of our patients. Dataare 
not available to do otherwise. What we have done is to calculate a 
specific average rate against a constant but unknown time element. The 
relation of the two is shown in the familiar law of elementary physics: 


velocity X time = space. 


In such an equation we have assumed that the time element remained 
constant and the velocity varied as the space. One might with equal 


Chart 5 


Lilustrating the relative time interval 
occupied by each stage of invasionon the assumption of a 
uniform rate for all individuais in the group. 


Incidence (U8) (36) (49) (23) (22) 


Expectation (59 _----~ ~ (tat) WO, 1) 


justice assume that the velocity remained the same and the time element 
varied with the space with identical numerical results. 

With this conception of our problem the actual number of cases oc- 
curring in the groups of different orders may be taken as an expression 
of the relative average time interval occupied in that particular stage 
of the disease in its progress up to the average age of the group (see chart 
5). We may therefore say that the average time interval elapsing be- 
fore developing the first lesion is “118 units,” the value of the unit being 
undetermined. This average includes individuals that will never be 
affected as well as those who have already progressed to the more ad- 
vanced stages of the disease. The average time interval for the second 
stage, having one lesion, is represented by 36 units, etc. The theoretic 
intervals on the basis of the doctrine of chance are given in the chart 
by the subdivisions of the line below. 
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Comparing the two sets of values we reach the conclusion that the 
average individual remains free from the disease twice as long as one 
would expect. Once he becomes involved by the first lesion he quickly 
develops the second, remains for a longer period in this stage, and after 
acquiring his third, still more quickly completes the catalogue,—all 
of which is quite at variance with the schedule calculated on the basis 
of chance. © 

It should be noted that a truer conception of the duration of the final 
stage would be reached if one were allowed to include the 42 cases of 
advanced pulmonary tuberculosis which were rejected because the apical 
pleurae could not be satisfactorily observed in the confusion of path- 
ological shadows in the upper lobes (see table 1). 

The conclusion is the same, namely, that there is a definite relation- 
ship between all these conditions, that the progress of the disease is 
not regular but that there is a relative stability in the two lesion stage, 
as shown by the relative numbers of cases falling in each class. 

Some light is thrown on the question of the probable sequence of these 
lesions by the frequencies of the pleural and pulmonary lesions. In 
table 3 one sees that the pleural lesion occurred unilaterally in 15 cases 
and bilaterally in 21 cases, with a total of 42 lesions in the latter class or a 
grand total of 57 pleural lesions uncomplicated by pylmonary involve- 
ment. Only 11 cases presented a unilateral pulmonary tuberculosis 
and 3 a bilateral disease uncomplicated by pleural lesions; a total of 
only 17 tuberculous lungs. The conditions of the problem are alto- 
gether against the discovery of the pleural lesion, since the line can be 
seen clearly only over a limited area of the apex. Could one adequately 
explore the entire surface of the upper lobe, the incidence of the pleuritis 
might be expected to be still greater. Moreover, reference to the orig- 
inal protocol (preliminary chart) demonstrate that of the 17 uncompli- 
cated tuberculous lungs no less than 10 were originally given a class A 
pleural line and were subsequently thrown into the negative column 
in the interests of conservatism. 

The greater liability to involvement of the pleurae is more convin- 
cingly shown by table 2, there being a total of 89 right apical pleuritis 
as against 68 right pulmonary tuberculosis; and 71 left apical pleuritis 
as against 47 of left pulmonary tuberculosis. 

From the apical pleura of the one side to the apical pleura of the other 
side appears to be an easier step than to the lung of the same side, if 
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one may judge by the ratios of table 3, although the difference is not very 
great. The ratio is considerably greater for involvement of the right 
lung with a pleuritis of the same side than for a similar combination 
on the left side. By contrast the step from the apical pleura of one 
side to the lung of the other seems to be relatively difficult, since the ratio 
for the involvement of the right lung with the left pleura is nil and of the 
left lung with the right pleura is only 0.1, the next lowest value. 

It would seem therefore, that, in the typical case, the progress is from 
the pleura of the one side to the pleura of the other side, and to the lung 
of the same side, but that the involvement of the lung of the other side 
depends on the preliminary involvement of the overlying pleura. The 
only conceivable alternative is that of an overwhelming instability of 
the contralateral condition leading to a very prompt promotion to a group 
of the next higher order. Such a conception lacks probability. 

Finally, the high rate of the “four lesion” stage may be interpreted 
as an expression of its terminal character, and, as already noted, this 
high ratio probably does not correctly indicate the size of this group be- 
cause of the exclusions. 

We believe that the evidence here presented justifies the conclusion 
that there is a definite etiological and chronological connection between 
the apical pleuritis here described and pulmonary tuberculosis. We 
wish to draw a sharp distinction between this “‘apical pleuritis” and the 
linear shadow which is seen as a continuation upwards of the pleural 
density that so regularly followsempyema. We do not, however, exempt 
the pleural line that is also quite regularly seen over the opposite apex 
in cases of pleural effusions and hold it probable that it represents a 
tuberculous lesion. Its significance seems to be worthy of further 
study. 

The acceptance of this view does not simplify the problem of the diag- 
nosis of clinical tuberculosis. Its frequency in apparently healthy in- 
dividuals makes it probable that it often represents a healed lesion, 
and it would be manifestly unjust to condemn every bearer of a “pleural 
cap” to the social and economic restriction of the tuberculous life. On 
the other hand, the occasional occurrence of cases of hemoptysis with 
no other sign, either physical or radiographic, goes to prove that it is 
not entirely without significance. 

The relative stability of the condition when both apices show the line 
without involvement of the underlying lung, especially when the density 
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of the shadow suggests a cicatrix, makes it probable that the pleurae 
present a considerable barrier to the progress of the tubercle bacillus. 
The clinical evidence in these cases suggests that the class B line is 
relatively harmless if found alone. Classes C and D, however, leave us 
with the impression that the process is not entirely confined to the sur- 
faces of the pleurae and is not completely cicatrized and they are regarded 
as distinctly suspicious of serious trouble. In any event, the occurrence 
of the line may be accepted as an evidence of a preceding lodgment of 
the bacillus and an inflammatory reaction at that point. 

In looking for an explanation of the early involvement of the apical 
pleurae and the infection of the lungs by the transpleural route, we have 
found no explanation so satisfactory as that suggested in the previous 
paper from this laboratory, namely, the infection of thepleurae through 
the lymphatics of the neck presumably through the lymphadenoid 
tissues of Waldeyer’s ring. The asymmetry of the lymphatic anatomy 
serves to explain adequately the preponderance of right sided lesions; 
the closeness of the relationships of the cervical lymphatics to the apical 
pleurae explain the usual apical distribution of tuberculosis as no other 
theory will; and the phenomenon of pleurisy with effusion requires only 
the concept of an apical lesion with a serous exudate which gravitates 
to the lower thorax and spreads the infection, to find a satisfactory 
explanation. 

We do not mean to imply that this is the only route of infection of 
the lungs by the tubercle bacillus. In fact there are exceptions to the 
apparent sequence in adults and the prevailing distribution of the con- 
dition in children seems to point to some other mechanism. In fact, 
it is not impossible that the lymphatic drainage in the adult departs 
in important particulars from that prevailing in childhood. Certainly 
roentgenologists will agree that the adult picture of chronic pulmonary 
tuberculosis is extremely infrequent under puberty. It is not impossible 
that the differences in distribution depend on differences in the route 
of the infection rather than on differences in the reaction of the indi- 
viduals at the different ages. 


CONCLUSIONS 


1. Pleural shadows over the apices in various forms occur with great 
frequency. 

2. By insensible gradations these shadows pass into those of frank 
pulmonary tuberculosis. 
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3. The demonstrated association with pulmonary tuberculosis demon- 
strates a prevailingly tuberculous nature. 

4. Chronologically the apical pleuritis precedes the pulmonary in- 
volvement. 

5. The prevailing tendency to spread is (a) to the ayer apex and 
(b) to the underlying lung. 

6 The infection probably reaches the pleurae through the cervical 
lymphatics. 

We wish to express our obligations and appreciation to Drs. C. V. Weller of the Patho- 


logical Department, and L. H. Newburgh of the Department of Internal Medicine, as well as 
to Drs. J. A. Herring and E. F. Merrill of the Department of Roentgenology. 
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TUBERCULOUS EMPYEMA! 


GEORGE B. KALB 


Monrovia, California 


Tuberculous empyema, while recognized as a serious complication, is 
very inadequately dealt with in works of reference. 

In discussing the subject with those interested in tuberculosis a wide 
difference of opinion is found as to treatment and results; and very few 
appear to know of the advantages of the treatment to be referred to 
later on. 

Keen in volume 3 of his System of Surgery says, The “advisability 
of operation on tuberculous empyema is open to question. It is advisa- 
ble to delay operation until spontaneous rupture is imminent.” 

Burghardt’s System of Operative Surgery, volume 3, page 721, says, 
“The presence of tuberculous disease generally, though not invariably, 
prevents the closure of an empyema, even if the size and shape of the 
cavity as such are favorable for a cure.” It goes on to say that, if the 
patient’s general condition be good, advise thoracoplasty, at the same 
time warning the patient that the operation will probably be unsuc- 
cessful. 

Kessel and Tishman report seven cases of effusion, five of which con- 
tained tubercle bacilli, treated by aspiration with unfavorable results. 

Shortle remarks that ‘‘from Muralt to Saugman and Brauer, observers 
are agreed that antiseptic injections into exudates are no good.” He 
reports one pus case with tubercle bacilli, with the patient drained three 
times and now symptom free, but the complication still persisting. He 
advocates watchful waiting and drainage, probably by aspiration. 

Bullock and Twichell, quoting Muralt, say, ‘‘The exudate may look 
ugly and grayish and contain tubercle bacilli without calling for surgery.” 
They speak of the seroimmunizing effect of the serum, that is, the exu- 
date contains antibodies and therefore may be valuable to the patient. 
They further say, ‘‘True empyemas with marked clinical symptoms 
need plastic operations. If small, twenty to thirty cc. of electrargol 
sometimes arrests the process.” 


1Read before the Trudeau Society of the Los Angeles County Medical Society, Feb- 
tuary 21, 1921. 
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Matson uses a one to five thousand potassium permanganate solution 
as an irrigation with success. 

It is interesting to note Peters’s report of cases of artificial pneumo- 
thorax, showing sixty-five per cent with effusions. He says that if 
continued long enough there will be one hundred per cent with effusions, 
and, in a series of seven hundred cases in foreign literature, he reports 
a percentage of 7.71 with pus showing the tubercle bacilli alone. 

Capps’s excellent article in the Oxford System of Medicine says, “Tu- 
berculous empyema has a bad outlook. Draining by the aspirating 
needle may mitigate but does not cure. Thoracotomy is indicated only 
when the exudate is small and the strength of the patient is reasonably 
good. The operation is likely to light up the tuberculous lung, and 
hasten the end. In the presence of pulmonary lesions the clinical indi- 
cation should be to give symptomatic relief, and this is often accom- 
plished by aspiration.” 

Tuberculous empyema is definied by Duboff as a purulent effusion 
into the pleural cavity, in which the bacillus of Koch is the sole or pre- 
dominating microérganism. Duboff’s article in the AMERICAN REVIEW 
oF TUBERCULOSIS, volume 3, page 590, is extremely good, although his 
experience is quite different from my own. For instance, he says that 
every case of tuberculous empyema, occurring in a patient receiving the 
pneumothorax treatment, is due to a distinct spontaneous pneumothorax 
occurring in the lung under collapse. This has not been the case in my 
experience so far. I have seen but one definite spontaneous pneumo- 
thorax in the collapsed lung, and this was not followed by empyema. 
Duboff says that conservative treatment is the best, together with non- 
interference, as long as possible, with aspiration to relieve pressure symp- 
toms and prevent sinus formation. He says the prognosis is bad. Of 
his 20 cases of empyema, 4 ruptured into a bronchus, and 6 burst through 
the chest wall. 

Peron, quoted by MacCallum in Osler’s Modern Medicine, distin- 
guishes two types of pleural tuberculosis: first, pleuritis tuberculosa 
serofibrinosa, and, second, empyema tuberculosa. In my experience in 
the first class tubercle bacilli are seldom found in the effusion and in 
the latter they are always found. There is, however, a third type, the 
miliary. 

Tuberculous empyema may occur (1) in pneumothorax either spon- 
taneous or artificial, (2) from a ruptured tuberculous abscess of the lung 
without pneumothorax, and (3) from a rupture of a peribronchial lymph 
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node. The character of the early exudate is a clear serous fluid with no 
microédrganisms. Cultures and guinea pig inoculations may both also 
be negative. Later the fluid becomes opaque and turbid, with poly- 
morphonuclear leucocytes predominating, and the tubercle bacilli nearly 
always to be found. Communication with the bronchus may or may 
not cause a mixed infection. 

The onset is usually definite with severe pain in the side and a sharp 
rise of temperature which may subside as the ‘effusion develops. A 
gradual onset occasionally occurs with no definite history at the begin- 
ning. The temperature may or may not be elevated, even when large 
quantities of pus are present, which is often remarkably well tolerated 
for long periods without any symptoms of toxaemia. 

West, quoted by Brown in Osler’s Modern Medicine, advocates free 
incision as soon as the diagnosis is made, while Lord, in the same work, 
says that radical operations are not to be considered, but that. resort 
must be had to palliative measures of aspiration or siphon drainage. 

Baiimler advocates thoracotomy when pus-forming germs are pres- 
ent; but when the tubercle bacillus alone is present or the exudate is 
sterile and pressure symptoms are present, aspiration followed by tho- 
racotomy when the general condition improves should be performed. 

Of 35 cases of tuberculous empyema operated on by Kiister 9 recov- 
ered, 6 were not cured and 16 died. In Schede’s collection of 45 cases, 
10 were cured and 35 died. Lord had 12 cases with sterile exudate; 1 
showed tubercle bacilli, 3 died in the hospital, and all but 1 have since 
died, and this one has a discharging sinus, but is otherwise apparently 
well. Murphy says that once you have opened the abscess cavity in 
these late cases it will never close spontaneously. 

In the past four years we have had under our care 12 cases of this 
dreaded complication. One of these was terminal, one moved away 
during treatment and his subsequent history is unknown, and a third 
was a far advanced case of organic heart disease and soon died, leaving 
10 cases to be considered. Two of these were treated by thoracotomy 
and both died with their complication unbenefited. In fact the end was 
hastened by the very means taken to cure them. Of the 7 remaining 
all are alive, and all have been relieved of their complication. Two 
of these were what may be called spontaneous empyema, and 5 occurred 
during the course of treatment by artificial pneumothorax. They were 
all treated by the method instituted by Murphy many years ago, which 
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has fallen into undeserved neglect. This plan was first brought to my 
attention by Dr. Willis R. Smith of E] Paso, Texas. 

Method. All of the purulent material that is possible is removed by 
_ aspiration or siphonage or both combined, using a large needle. Then, 
from 1 to 12 ounces of a 2 per cent solution of formaldehyde in glycerine 
is injected, the amount varying according to the amount of fluid with- 
drawn. One never introduces more than half the volume withdrawn, 
and is careful the first time to inject too little rather than too much. 
Air is then introduced until the manometer reading is near the negative 
point, or, if it is a case of artificial pneumothorax, the pressure is raised 
to that usually given this particular patient. In from forty-eight hours 
to one week after the first treatment, the patient is again aspirated, 
usually of about twice as much fluid as was injected, the character of 
which will be altered by having become seropurulent. More of the for- 
maldehyde-glycerine is again injected, and in from three to ten days 
again removed. This is continued until the character of the exudate 
changes to serosanguinous, when it is sterile and should be left, as it is 
harmless and will ultimately be absorbed. This treatment varies a 
little from that of Murphy, who advocates the introduction of only one 
half-ounce of the glycerine-formaldehyde solution. 

Each treatment is followed by a more or less violent reaction. The 
temperature rises as high as 103°, with pain and discomfort in the region 
affected. It, however, rapidly subsides, and in two or three days the 
patient is as comfortable as before the treatment. 

Billings reports a death following this injection, but we have seen 
nothing particularly alarming in those we have so treated. 

Murphy, in his Clinics of 1915, says of the formaldehyde-glycerine 
solution: 


First, it kills the microdrganisms in the pus, secondly, it keeps up the:poly- 
morphonuclear leucocytosis. These indicate the increase in the number of 
phagocytes and the formation of serum that contain trypsin which is similar 
to the pancreatic trypsin and converts albuminoids into albumoses,which are 
soluble, and the absorption of the exudate is begun. 


In the Journal of the American Medical Association for July 27, 1920, 
Rinehart and Oelgoetz report the treatment at Camp Sherman of ordi- 
nary empyema with the formaldehyde-glycerine solution with perfect 
results. The amount of the solution used is not mentioned. 


TUBERCULOUS EMPYEMA 343 


In the same journal of December 1, 1918, A. E. Mozingo reports the 
use of this solution in nontubereulous empyema to finally sterilize the 
pleural cavity after first treating it with Dakin’s solution. His meth- 
ods are certainly thorough, to say the least. He irrigates the pus cavity 
every two hours during the day, and every three hours at night with 
the Dakin’s solution for the first one to four days, and then at longer 
intervals. He says that with the formaldehyde-glycerine solution the 
cavity becomes sterile in from one to seven days. The reason for using 
the Dakin’s solution at all is obscure to me, as it fails to sterilize. One 
would ask why the treatment is not begun with the formaldehyde- 
glycerine solution. 


SUMMARY 


First, authorities are generally unanimous that tuberculous empyema 
is dangerous to life and hopeless as to recovery. Second, those who 
have tried the Murphy treatment report excellent results, so that it 
should be given a fair trial in the endeavor to alter this hopeless outlook. 

The following is a brief résumé of two of our cases receiving the above 
treatment. The first is a case of spontaneous empyema occurring in a 
chronic tuberculous patient. 


M. M., aged twenty-two, bookkeeper, consulted me with active tuberculo- 
sis of both apices in September, 1916. He came to California in November of 
the same year, where he entered a nursing home, remaining there under treat- 
ment for six months and returning east the following summer. He has since 
spent his winters in California and has worked at various occupations most of 
the time, although with more or less activity in his lungs. In November, 1919, 
while employed as a bookkeeper in a bank, he was taken with an acute attack 
of pleurisy with effusion in the left side, which was at the time the active side. 
He gradually recovered and returned to work, although still carrying his 
effusion. As he was short of breath, aspiration and replacement of the fluid 
with air were advised to relieve his pressure symptoms and to determine the 
character of the exudate. In March he finally consented and 5 pints of pus 
rich in tubercle bacilli were removed, and 12 ounces of the formaldehyde-gly- 
cerine solution and 700 cc. of air introduced. One week later 23 ounces of 
seropurulent fluid were removed and 8 ounces of glycerine-formaldehyde solu- 
tion and 300 cc. of air introduced. Twelve days later 17 ounces of cloudy 
serosanguinous fluid were taken out and 4 ounces of glycerine-formaldehyde 
solution and 200 cc. of air introduced. One week later a small amount of 
serosanguinous fluid was removed and no more antiseptic put back. He has 
since gone back east, and has had no return of his empyema. 
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The second case is one developing during treatment by artificial pneu- 
mothorax: 


Mrs. R., age twenty-four. Has been in poor health about two years. Has 
been treated for liver trouble, has lost about 20 pounds, now weighs 90 pounds, 
temperature at times reaches 103°. Right lung shows evidence of a healed 
lesion in apex. Left lung has an active tuberculosis throughout with a large 
cavity above the second rib. As she showed very little improvement after 
several months’ treatment it was decided to attempt a collapse without much 
hope of success as the pleura, as shown by the X-ray, was greatly thickened, 
and probably adherent. Contrary to our fears the pneumothorax was suc- 
cessful, the temperature fell to normal, her weight increased, the cough and 
sputum almost disappeared, and the latter was negative for tubercle bacilli 
most of the time, so that everything looked favorable for an arrest of her trouble. 
After eight months’ treatment she was taken with severe pain in the affected 
side with fever. Empyema was found and 36 ounces of pus were removed 
and the glycerine-formaldehyde solution introduced. This treatment was 
continued until the fluid became serosanguinous. Soon afterwardsshe became 
pregnant, and after an uneventful pregnancy was delivered normally of a healthy 
child, her first, and has remained free from the empyema since. 
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THE CAMPAIGN AGAINST TUBERCULOSIS! 


JAMES M. ANDERS 
Philadelphia 


While the final object of any antituberculosis program is the complete 
elimination of tuberculosis, it should be recollected at the outset that 
this is not to be accomplished by seeking to obtain complete disappear- 
ance of the tubercle bacillus, a truly ubiquitous organism, but rather 
by arriving at conditions which will render this germ innocuous. 

Frederick L. Hoffman in a recent article which appeared in the Spec- 
tator refers to the greater prevalence of tuberculosis in general during 


the past few years. He says: 


The increase since that year (1913) to the end of 1918 is, of course, pri- 
marily attributable to the far-reaching consequences of the Great War. But 


the wholly unexpected and material reduction in the rate during 1919, or 
from 153.2 in 1918 to only 121.7 in 1919, cannot be considered otherwise 
than as measuring in part the direct effect of concerted and more strenuous 
methods of treatment and control. 


Mr. Hoffman further shows that the decline of the tuberculosis death 
rate in the principal American cities has been in striking contrast with 
a positive increase in England and Italy during the last five years. 

The favorable effect of the campaign against tuberculosis in the United 
States during this period has been clearly attributable to the combined 
efforts of official health bodies—national, state and municipal—and non- 
official civic societies, including the national, state, and local tuberculosis 
societies. As these united forces grow in strength and efficiency, better 
results than have been achieved in the past may be confidently expected 
in the future. 

Much will depend upon the degree of perfection of the various state 
tuberculosis societies, as working machines or organizations, so far as 
their accomplishments hereafter are concerned. In each state the aim 
should be to create units on a county wide basis, except in the case of 


1Abstract of the Presidential Address before the Annual Conference on Pennsylvania 
Tuberculosis Problems, Philadelphia, January 16 and 17, 1921. 
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the smaller and more sparsely populated counties, which might be 
grouped into units embracing two or possibly three counties. Each 
unit should endeavor to provide all of the machinery necessary for the 
control of tuberculosis so far as education and prevention are concerned, 
thus aiding materially the state health departments in the work of diag- 
nosis and treatment. 

I have a fixed belief that the rural communities are just as much in 
need of an educational program with regard to the subjects of tubercu- 
losis and better hygienic living as are our towns and cities. It is hoped, 
therefore, that those engaged in the warfare against tuberculosis will 
appreciate the importance to success of effective county wide organiza- 
tions as units. I would further urge the representatives of local organi- 
zations to conduct their tuberculosis work on a true business basis, so 
that they may account to the public for funds raised in the annual seal 
sales. Everywhere there is also need of a closer, more effective codrdi- 
nation of public and private resources. 

The prophylaxis of tuberculosis so far as the work of state civic socie- 
ties extends, involves two main elements, (1) the building of a maximum 
individual resistance and (2) education of the public with regard to the 
nature and modes of preventing the spread of the tubercle bacillus. 
Educational appeals are applicable to both of these divisions of the 
subject, but the character of the instruction to be offered differs with 
respect to certain more or less important details. 

1. The building of a maximum resistance. It must ever be kept in 
mind that the maintenance of a high standard of physical vigor is the 
most efficient method of preventing tuberculosis. This is to be brought 
about largely by the education of the public, more especially the children 
of our public and parochial schools in matters of health. In connection 
with the modern Health Crusade that is being carried on, many tubercu- 
losis societies are doing a splendid and well-conceived educational work 
in this direction. 

It is becoming clear to educators that personal hygiene must be in- 
cluded in any system of public education at the present day. © Fortu- 
nately too, some American colleges and universities have recently intro- 
duced courses of instruction in this subject. While it is gratifying to 
note this innovation, personal hygiene should be universally taught not 
only in our public schools, but also in our institutions of higher education. 

In the prevention of tuberculosis, however, we must also search for 
and overcome or ameliorate the many predisposing factors that too often 
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lie in the environment. I refer to physical defects, overwork and 
overstrain which lead to breakdown with tuberculosis, badly built, ill- 
ventilated school houses, poor housing conditions at home, public and 
individual uncleanliness, lack of proper food and the like. 

In our general campaign of education these various predisposing fac- 
tors must receive attention in connection with the information given 
out to the public along the lines of personal hygiene and sanitation. 
In passing, the fact should be emphasized that the matter of improving 
housing conditions is a most insistent and important part of the social 
prophylaxis of tuberculosis. Moreover, it is a problem that affords 
local tuberculosis organizations an excellent opportunity for real service 
to the community through the creation of a proper public sentiment 
with regard to the existing housing shortage and other aspects of the 
question. 

As practical antituberculosis workers, we must likewise accept and 
keep in mind the view of childhood infection, which confers a consider- 
able degree of immunity against external superinfection in adult life, as 
well as the extreme latency of the disease. While we often fail to head 
off infection in childhood, it is possible (and this should be our aim) to 
build up resistance and thus prevent latent tuberculosis from developing 
into active disease later in life. By rendering the soil unsuitable for the 
growth and development of the tubercle bacillus we accomplish prophy- 
laxis. The correct conception of the foregoing facts has an important 
bearing upon our attitude toward the problem of prevention of tubercu- 
losis. 

Without doubt, we have been expending too much misdirected effort 
upon the question of the prevention of adult infection, in view of the 
widely accepted belief that in the majority of the cases this probably 
occurs early in life. This fact, however, does not preclude an efficacious 
plan of prevention, since by building up bodily resistance we render the 
germ harmless. 

In the control of tuberculosis, which is a community problem, the 
codperation of physicians should be sought. It is true that many prob- 
lems challenge the attention of the physician at the present day, but to 
his credit be it said that he is ever willing and often eager to bear his 
share of the burden in this communistic age. By experience and train- 
ing he is or should be well fitted to assume an important réle in any 
social campaign against tuberculosis, and his services should be secured 
by local committees and county organizations throughout the states to 
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the fullest extent. I realize the fact that physicians are doing a fair 
share of work in many localities: my plea is for a more general partici- 
pation on the part of physicians and, let me add, health officials whoare 
also well qualified to help solve the tuberculosis problem. From the 
standpoint of success, much depends, as before stated, upon the com- 
pleteness of an antituberculosis program; and both physicians and 
sanitarians can be relied upon as a rule to give valuable aid in its 
formulation and projection. In many cases they may be called upon as 
specialists to carry out certain parts of the program, for example, to 
give public addresses on various phases of the subject of tuberculosis 
prevention and also technical advice with regard to hygienic and sani- 
tary questions as they arise. 

Here attention should be called to the nutrition clinic for the under- 
nourished, of the great utility of which as a means of building up resis- 
tance there can be no question. Unfortunately, it is obviously impos- 
sible for financial and psychologic reasons that all in need of its advan- 
tages can be served, but wherever found to be feasible, it should be 
instituted. We should not, therefore, base our antituberculosis cam- 
paign on the nutrition clinic alone. 

It is axiomatic that whatever improves the health of a community 
operates to lessen the prevalence of tuberculosis by increasing bodily 
resistance. The diffusion of popular knowledge in matters of health 
should therefore be actively carried on by all civic and professional 
bodies, including tuberculosis societies. ‘There are two agencies which 
I have long felt have not been utilized to the degree which they merit. 
These are, newspaper publicity and the placing in private homes of 
literature in a form suitable for preservation. Obviously, since urban 
populations are as a rule polyglot the literary matter would, sometimes 
at least, of necessity have to be printed in different languages. 

While it is not the purpose of this paper to attempt an evaluation of 
the daily press as an educative factor, I hold that it is potent as a means 
of popularizing scientific knowledge when the latter is taken from authen- 
tic sources. Matter carefully prepared in concise form should be pub- 
lished in the daily and weekly newspapers and, as far as possible, without 
change, thus obviating the giving out of misinformation which is so 
hurtful in its effects. Expert opinion is coming more and more to realize 
the practical importance, for reasons of public health, of carefully guarded 
newspaper publicity, so that I would urge upon workers throughout the 
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country to make available in this manner to the public constantly reli- 
able knowledge on the subject of tuberculosis. 

In this connection so called health caravans as an aid to educational 
efforts are worthy of mention. The necessary details of this method of 
carrying on tuberculosis and public health work are to be found in a 
recent volume by Mary Swain Routzahn entitled Travelling Publicity 
Campaigns, published by the Russell Sage Foundation. The informa- 
tion and suggestions contained in this book should merit the attention 
of the Pennsylvania Tuberculosis Society. 

2. Education of the public with regard to the nature and prevention of 
the spread of the tubercle bacillus. General prophylactic measures from 
the standpoint of the prevention of the spread of the tubercle bacillus 
must be directed primarily against the bovine bacillus which has been 
found in 6 per cent of samples of milk collected for bacteriological 
examination (Humbert). Suspected herds demand veterinary inspec- 
tion and the slaughter of any diseased animals that may be found. In 
view of the recent observations of Brownlee who noted remarkable 
correlations between bovine tuberculosis and tuberculous peritonitis and 
meningitis in children, this subject should engage the earnest attention 
of rural tuberculosis committees and branch societies everywhere. 

The employment of the visiting nurse, who is as a rule well qualified 
to do tuberculosis work, by each unit or county branch society is to be 
strongly advised and encouraged. Both as regards the giving of pro- 
phylactic advice, which should constitute her main labor, and the dem- 
onstration of the proper application of relief measures, the visiting 
nurse should be required to render a daily report, at short intervals, to 
the local committee or county branch. To be most effective she should 
also be in affiliation with an organized dispensary or state clinic for which 
she should make the social investigations and examinations which are 
so helpful to the physician in charge and enable him to complete his 
casecards. This plan would also possess the advantage of locating cases 
of tuberculosis and at the same time afford access to the patient’s fam- 
ily, which must always be dealt with suitably, if we would prevent dis- 
semination of the tubercle bacilli. 

It is in this connection that the visiting nurse can give useful advice 
with regard to the disposal of the sputum. More important still, she 
may be able to have all other members of the household in which a case 
of tuberculosis exists examined in order that physical defects and con- 
ditions of subnutrition may be detected and then remedied. It will be 
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recollected that (as stated above) those members of the patient’s family 
who are apparently healthy may be subjects of a latent infection which 
occurred in childhood. Hence, to prevent a flare up of the disease in 
the latter, the bodily resistance is to be maintained constantly at the 
maximum level. 

One of the chief methods of preventing the spread of tuberculosis is 
by isolating cases, that have reached the infective stage, in sanatoria, 
special hospitals, or sections of general hospitals. Isolation for the 
entire course of the ‘infective stage, however, is impracticable. On the 
other hand, advanced cases of pulmonary tuberculosis among the depend- 
ents, which are a distinct menace, demand institutional care. In cer- 
tain states, for instance, New York and Massachusetts, this needy and 
important class is accommodated in special county hospitals. It is 
hoped that the legislature of Pennsylvania now in session and other 
states will enact a law requiring each county or a group of two or more 
counties according to size and density of population, to provide an insti- 
tution for the reception and care of the advanced cases of dependents. 

In addition to special county hospitals, general hospitals should be 
urged to set aside a ward or section for those advanced consumptives 
who constitute such a great risk to their families. Again, additional 
sanatoria to which early cases should be sent are urgently needed. It 
is true that the majority of these sufferers have reached the infective 
stage, so that they do not obtain a cure, as a rule, nor an arrest even 
of the disease in many cases, in view of the fact that they cannot be 
maintained indefinitely in these institutions. This is particularly true 
of private sanatoria for financial reasons. 

While, therefore, the sanatorium does not solve the problem of tuber- 
culosis, the discipline afforded and knowledge gained of the protective 
measures by the patient are both important and useful to him and tend 
to safeguard the community, during his long battle with the disease. 
It has been wisely suggested that sanatoria will be more efficient when 
completed by a social organization of the nature of an employment bureau 
providing work suitable to this special class of invalid. 

Finally, in my view, the various state tuberculosis societies should 
further a closer understanding and coéperation with the State Depart- 
ments of Health, the American Red Cross and all organized, civic and 
professional agencies working toward the greater control of tuberculosis. 
Without doubt, such allies are, for certain main purposes, indispensably 
necessary to success. 


ARE EATING UTENSILS CARRIERS OF TUBERCLE 
BACILLI? 


H. LONGSTREET TAYLOR 


Saint Paul, Minnesota 


Our ordinary eating utensils have been pronounced “the major 
avenue of tuberculosis transmission” (1), which thesis would make 
many public health measures necessary, especially in public eating 
houses, if found to be true: 

Dearstyne (2) says: 


More and more it becomes evident that carelessly washed dishes and 
utensils in eating places and at soda fountains are potential disseminators of 
infections. 


Dearstyne’s tables show bacterial counts from different utensils. 


Small quantities of wash water were poured upon agar plates and incu- 
bated forty-eight hours at 37.5°C. Coffee mugs and water glasses 
were found to be the worst offenders. Individual bacterial counts, 
ranging from 1000 to 890,000, were found in the case of coffee mugs in 
six restaurants, and one water glass reached a count of 1,200,000. 

Dr. Walter Ramsey (3), investigating the clinical thermometers of 
physicians, found the following startling results: 


The thermometers from which the cultures were taken were those used by 
the physicians in their daily practice. Most of them, with the exception of 
the hospital thermometers, were carried in the ordinary case in the pocket. 

The technique employed was as follows: 

Culture tubes containing broth were obtained from the laboratory of the 
Board of Health. The thermometers were stirred in the broth and after 
incubation the cultures were transferred to agar plates. After proper incu- 
bation the colonies were picked out and examined. 

The results were as follows: 

Total cultures taken, 82. Of this number, 33 were sterile; 49 contained 
organisms of various kinds. Streptococci occurred in 13 cultures; staphylo- 
coccus albus and citrus, pneumococcus and many of the ordinary mouth 
microdérganisms were found in the positive cultures. 
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In order to determine whether eating utensils were being properly 
washed or whether they carried living virulent tuberculosis germs, the 
following experiments were carried out in public and private tubercu- 
losis institutions in Minnesota. 

In the first place, Dr.G. B. Kramer, Pathologist of the City and County 
Hospital, St. Paul, Minnesota, was kind enough to examine wash-water 
with which unwashed spoons, taken from the trays of far advanced 
positive sputum cases, had been rinsed. He was able to find tubercle 
bacilli on the fist slide ‘stained. Whereupon the Beebe Bacteriological 
Laboratory was requested to make a thorough study of the spoons in 
two tuberculosis institutions. They reported as follows: 


November 22, 1920. 


Dear Dr. Taylor: 
We submit herewith a final report upon the work undertaken for you to determine the 


possibility of transmitting tubercle bacilli from one person to another upon eating utensils. 
On July 30, 1920, experiments were begun at Hospital No. 1, as follows: 
Eighteen spoons used by patients in the ward devoted to serious “‘open” cases, were 
taken from the diet kitchen. These were spoons which had been washed in the manner 
regularly employed there, i.e., a thorough washing in hot water. With a sterile swab mois- 


tened in sterile salt solution both surfaces and the edge of the bowls of six spoons were thor- 
oughly scrubbed and the swab containing the accumulated swabbings of all six spoons was 
placed in a tube containing 6 cc. of sterile salt solution. This process was repeated so that 


TABLE 1 


PIG NUMBER 


MATERIAL 


OUTCOME 


CONCLUSION 


257 
117 
245 
427 
240 
465 
433 
237 
441 
398 
435 
269 
431 
432 
448 
232 


No. 1 clean 
. 1 clean 
. 2 clean 
. 2 clean 
. 3 clean 
. 3 clean 
Clean bottle 
Clean bottle 
Dirty bottle 
Dirty bottle 
No. 1 dirty 
No. 1 dirty 
No. 2 dirty 
No. 2 dirty 
No. 3 dirty 
No. 3 dirty 


Died 8 weeks 
Died 18 days 
Lived and gained 
Lived and gained 
Died 6 weeks 
Died 7 weeks 
Lived and gained 
Died 7 weeks 
Died 2 months 
Died 1 month 
Died 6 weeks 
Lived and gained 
Lived and gained 
Died 1 month 
Died 5 weeks 
Died 3 weeks 


No T. 
No T. 
No T. 
No T. 
No T. 
No T. 
No T. 
No T. 
Pos. T. B. 
Pos. 
Pos. T. B. 
No T. B. 
No T. B. 
No T. B. 
No T. B. 
No T. B. 


Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 

Positive 

Positive 

Positive 
Negative 
Negative 
Negative 
Negative 
Negative 


Conclusions: 16 pigs used. 
injected with material from dirty spoons. 


13 negative for T. B. 3 positive for T. B. All positive pigs 
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we had three test tubes, each containing the washings from six spoons. This swabbing was 
done with vigor so that all possible dirt and bacteria were removed; greater pressure was 
employed than would be exerted by the lips of the next user of the spoon. 

In order to check up on efficacy of the swabbing, another lot of six clean spoons was 
placed in a bottle containing 150 cc. sterile physiological salt solution. These were allowed 
to soak for a few minutes and then were violently shaken. 

This identical process was repeated with a like number of spoons removed from the 
patients’ trays at the end of the noon meal. 

The swabs were allowed to soak in the test tubes three hours, at the end of which time all 
possible salt solution was squeezed out of each swab by pressure against the inside of the 
tube, and the residue in each tube was injected intraperitoneally into two guinea pigs. The 
150 cc. salt solution in the two wash bottles used was centrifugated until there was a residue 
of 4 cc. in each centrifuge tube. Two pigs were injected with the material from each of these 
bottles. 

The results noted in the sixteen guines pigs used in this experiment will be seen in table 1. 

On August 3 a similar experiment was undertaken at Hospital No. 2, the procedure being 
identical except that only clean spoons were used in the wash bottles. 

The results in the fourteen pigs of this experiment are to be seen in table 2. 


TABLE 2 


PIG NUMBER MATERIAL OUTCOME CONCLUSION 


Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 


107 No. 1clean - | Died 1 month 
206 No. 1 clean Died 2 weeks 
213 No. 2 clean Died 1 month 
228 . 2 clean Died 1 month 
551 . 3 clean Lived and gained 
571 . 3 clean Lived and gained 
554 Clean bottle Lived and gained 
568 Clean bottle Died 1 month 
217 No. 1 dirty Lived and gained Negative 
574 No. 1 dirty Died 2 weeks Negative 
224 . 2 dirty Died 5 weeks .T. B. Positive 
221 . 2 dirty Died 6 weeks . T. B. Negative 
204 . 3 dirty Lived and gained .T.B. Negative 
212 . 3 dirty Lived and gained .T. B. Negative 


Conclusions: Fourteen pigs used. 13 negative for T. B. 1 positive T. B. Only posi- 
tive pig was injected with material from dirty spoon. 


TABLE 3 


TABLE 4 


Pigs injected with material from clean spoons 16 or 100 per cent 
Number of above positive for T. B..................cceeeeeeeeceeees QOor Opercent 
Number of above negative for T. B..................0+eeeeeeeeeee++ 16 0r 100 per cent 
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TABLE 5 


Pigs injected with material from dirty spoons 14 or 100 per cent 
Number of above positive for T. B 4or 28.5 per cent 
Number of above negative for T. B 10 or 71.5 per cent 


From the above tables it will be seen that no pig injected with material from washed 
spoons contracted tuberculosis. Only in the pigs injected with the wash water from spoons 
taken directly from the trays of open tuberculous patients were tuberculous lesions found. 
We would conclude, therefore, that tubercle bacilli are present on spoons used by tuberculous 
patients, but that the routine washing of such spoons as carried out in these two institutions 
eliminates these articles as sources of infection. 

Very truly yours, 
BEEBE LABORATORIES, 
By L. L. Gilman. 


Dr. F. F. Callahan also examined spoons in a tuberculosis institution. 
He reports as follows, under date of March 2, 1921: 


On August 2, 1920, eight spoons were taken from active cases of pulmonary tuberculosis 
whose sputum contained many tubercle bacilli. The spoons were washed in hot soapy water 
in the dishwasher and dried in the usual way. They were then allowed to soak for half an 
hour in a container with enough sterile distilled water to cover the bowls of the spoons. The 
whole was then shaken for half an hour. The water was poured off and centrifuged for another 
half hour. 

Ten guinea pigs were injected intraperitoneally with the residue, each pig receiving 1 cc. 
One pig died at the end of six weeks and another in eight weeks; neither showed any evi- 
dence of tuberculosis at necropsy. The remaining eight pigs have continued to grow and 
gain weight. 


The total number of pigs injected in the above experiments was 40, 
of which number 4 or 10 per cent were infected with tuberculosis. All 
of these pigs were injected with washings from unwashed spoons. 

Not a pig developed tuberculosis that was injected with the washings 
from spoons that had gone through the usual dish washing of the respec- 
- tive institutions. 

Two of the institutions employ dish washing machines with hot water 
and live steam. In the third one the dishes are washed by patients 
who are able to be on exercise and who are delegated to wash dishes 
after one of the daily meals. The dishes are washed in dishpans in the 
diet kitchen, one of which serves each ward. Hot water is supplied in 
liberal quantities. 

The positive cases show that tubercle bacilli are transferred to eating 
utensils and that they are potentially exceedingly dangerous avenues of 
contagion. 
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Dearstyne’s observations show that drinking glasses are fully as 
dangerous and probably more so, since they offer a larger surface to 
the lips. 

Sanatoria for consumptives should pay special attention to the disin- 
fection of all eating and drinking utensils. 

Visiting nurses employed in the care of consumptives in the home 
should insist on separate eating and drinking utensils for the patient o1 
on the sterilization of all the family dishes after every meal. 

Public health officials should enforce the necessary use of steam and 
hot water in all hotels, restaurants, and soda fountains. These public 
eating and drinking places must, to a certain degree, be responsible for 
the dissemination of all infectious diseases of the air passages and lungs 
and of other constitutional and general diseases. 
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Tuberculosis is known to produce certain associated pathological 
alterations which are manifested in a variety of ways besides producing 
the essential primary pathological changes of the disease. These secon- 
dary changes appear to become more pronounced as the disease progresses 
and seem to be somewhat related to the duration or activity of the actual 
primary tuberculous disease condition. On account of the chronicity 
of tuberculosis the form of the actual gross appearances of these con- 
comitant conditions is at times of a variegated nature. Of these asso— 
ciated concomitant conditions there has been probably most attention 
paid to the clubbing of the fingers, Pierre Marie’s syndrome of pulmonary 
hypertrophic osteoarthropathy or secondary osteoarthropathy. The coinci- 
dent clubbing of the toes, though studied, has been given far less con- 
sideration. Likewise, and especially in consumptives, the finger and 
toe nails have attracted little attention. It is not the purpose of this 
paper to dwell in detail upon the fundamental histological basis of these 
tissue changes as observed in tuberculous individuals, a field that per- 
tains more to the realm of the dermatologist, but merely to report the 
results of a survey of the hands and feet, and oral and facial regions of a 
group of tuberculosis sanatorium patients, with the view of bringing 
out some heretofore neglected, or only slightly emphasized, and possibly 
new facts of interest to tuberculosis and sanatorium physicians. 

The literature on clubbed fingers and secondary osteoarthropathy is 
replete with ‘reports of individual cases, is so voluminous and has been 
so well summarized by other authors of recent years that only the more 
important points brought out by these studies will be touched upon here. 
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In an interesting summary on pathological conditions of the nails, 
S. Parkes Weber (1) states that 


Incurved nails in wasting diseases need not be associated with clubbing 
of the finger tips, but clubbing of the finger tips is always associated with 
more or less incurving or aduncation (hooking) of the nails. The condition 
is frequently, but by no means always, accompanied by clubbing of the toes; 
but in such cases the clubbing of the toes is generally less marked than in the 
fingers. The causes of the clubbing are still not completely understood, but 
toxic conditions connected with suppuration, etc., and chronic venous con- 
gestion and cyanosis (local or general) play important parts in the pathogeny. 

; A somewhat acute development of clubbed fingers is occasionally 
observed in pulmonary and other intrathoracic diseases associated with sup- 
puration, such as bronchiectasis, empyema and pulmonary abscess, which 
need not be accompanied by a considerable cyanosis. . . . . The 
condition may certainly disappear almost as readily as it arises when it is 
connected with some curable suppurative condition in the thorax. Occasion- 
ally clubbing may develop even within a single week when it is accompanied 
by pain, while at times no cause could be found for the occurrence of the 


clubbing. 


White (2) in a clinical study of 485 cases of nail disease, collected at 
the Massachusetts General Hospital over a period of three years, found 
that eczema (107 cases) produces the most frequent examples of nail 
disease, trauma or felon (72 cases) being second, paronychia (68 cases) 
third, psoriasis (67 cases) fourth, and professional dermatitis without 
paronychia (62 cases) fifth, while syphilis formed only 5 per cent of 
his cases. There were only 2 cases of tuberculosis verrucosa (vertical 
ridge, discoloration, separation from bed and broken nail) and only 1 of 
pulmonary tuberculosis (with increased convexity) revealing nail disease: 

In 1890 Pierre Marie (3) first described the skeletal disease character- 
ized by a thickening of the long bones in the vicinity of the joints, with 
a peculiar clubbing of the finger ends, under the title of de l’osteo-arthro- 
pathie hypertrophiante pneumique as differentiated from acromegaly. 
Because of the secondary relation of the disease to some pulmonary 
affection he appended the adjective pneumique. Independently and 
almost simultaneously (1889 and 1891) Bamberger (4) reported a series 
of similar cases and called attention to the presence of hippocratic fingers 
in individuals with bronchiectasis without tuberculosis. Since these 
original papers numerous reports have been published, more definitely 
establishing this morbid condition as a distinct clinical entity among the 
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general group of allied diseases, including leontiasis ossae, osteitis defor- 
mans, acromegaly, rickets, syphilis of the bones, etc. Ina most excellent 
review and contribution to the study of this subject, Locke (5) of Boston 
in 1915 added considerable information to our then rather scattered 
knowledge of this condition. He stated that 


The evidence is overwhelming that hypertrophic osteoarthropathy is always 
a secondary disease. Among the primary diseases, pulmonary tuberculosis 
is probably the most important, though rarely inducing the extreme degree 
of bone and joint changes seen with bronchiectasis. There is a very definite 
correspondence between the characteristic clinical course of the disease and 
the process in the bones. During the periods of exacerbation in the primary 
disease, the pain, tenderness and swelling in the soft parts are not only in- 
creased, but the process in the bones is also more active. On the other hand 
during the quiescent periods associated with cure or relief of the condition 
responsible for the bone and joint changes, the process in the bones is station- 
ary and in rare instances actual resorption takes place. 

The new subperiosteal bone, which is at first sharply marked off from the 
old shaft, later becomes (usually after a period of some years) a more compact, 
dense layer, closely fused with the underlying old bone. In the late stages 
of the most progressive type of cases there is evidence of widespread halis- 
teresis in the affected long bones. Occasionally the process in the bones and 
joints once established may progress even after actual cure of the primary 
disease. The ungual phalanges as a rule show proliferative changes. They 
consist mainly in an irregular burr-like expansion of the distal half. More 
rarely small osteophytes are found at the proximal ends near the line of the 
joint cartilage. The epiphyses of the affected long bones are to some extent 
always involved, but the new osseous tissue is much more irregular in outline 
and the ossification is less complete. The proliferation in the long bones in 
advanced cases is more general than has been recognized, often affecting 
nearly the entire skeleton. Changes in the joints are a constant and important 
feature of the disease. While the early changes are confined largely to the 
periarticular tissues, in the later stage, erosion of the cartilage, lipping about 
the joint, and even a moderate degree of ankylosis are common lesions. 

A considerable percentage of cases of so called hippocratic fingers show by 
means of skiagrams early proliferative changes in the periosteum of some of 
the long bones of the forearms and lower legs of exactly the same type as seen 
in hypertrophic osteoarthropathy. Simple clubbing of the fingers and second- 
ary hypertrophic osteoarthropathy should be considered as identical, the 
former representing an early stage of the latter. 


Leo Kessel (6) of New York in 1917 made an extensive study of hyper- 
trophic osteoarthropathy in 32 cases of pulmonary tuberculosis of the 
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second or third stage of the disease. Roentgen examinations were 
made of the hands, feet, all of the long bones, the bones of the pelvis and 
in some instances the shoulder girdle and cranial bones. Following the 
classification of Locke, the 32 patients were divided into three groups: 
(1) five patients presenting simple well defined clubbing of the fingers 
without bone changes (3 of these had extensive pulmonary cavitation); 
(2) seventeen patients showing clubbing of the fingers with bone changes 
in the phalanges; and (3) ten patients with clubbed fingers and changes 
in the long bones (6 of these presented the globular nose formation and 
malar thickening). With the exception of the awkward appearance of 
the lower arms and legs of 3 of the patients in group 3, these patients 
disclosed nothing in their physical examination to differentiate them 
from patients in the other two groups, yet the roentgen ray examination 
revealed decided differences. 

Kessel was unable to establish any relation between the clinical mani- 
festations of the pulmonary disease and the type of osteoarthropathy 
present. Pronounced evidence of pulmonary tuberculosis may be 
associated with simple clubbing of the fingers, while less marked mani- 
festations of the pulmonary disease may be accompanied by distinct 
changes in the long bones. The bone changes, moreover, are not defi- 
nitely associated with the type or degree of the clinical expression of the 
pulmonary disease. No deviation from the normal nitrogen and calcium 
metabolism was obtained in these cases. Kessel concludes as a result 
of his studies that the degree of clubbing corresponds only in a general 
way with the radiographic findings; bone changes occur more commonly 
than is ordinarily supposed in the so called simple clubbed fingers; pro- 
nounced changes in the long bones may take place without any clinical 
signs or symptoms being present; the type of bone change in the various 
groups is the same, the difference being rather in degree; and hypertrophic 
osteoarthropathy is present more frequently in pulmonary tuberculosis 
than the usual clinical examination would permit us to believe. 

Montgomery (7) in a contribution on the deep transverse furrowing 
of the finger nails following local asphyxia, believes that the blue or 
violet discoloration of this condition is due to a local excess of carbon 
dioxide in the blood and that this occasions the peculiar deformity of 
the nails with transverse furrowing. The deformity usually arises long 
after the condition, a pneumonia, for instance, that gave rise to it. He 
states that 
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The nail grows from a slot, which is formed by a fold of the integument. 
In order to comprehend the relationship of the nail to the general integument, 
it is necessary to regard the skin as one great gland, faced by a horny covering, 
secreted or elaborated by itself from its own epithelial cells. Out of invagina- 
tions in this vast surface there grow modifications of this horny covering; out 
of invaginations that are holes, hairs grow; out of invaginations that are 
slots, nails spring. At the bottom of the nail slot there is no papilla as there 
is at the bottom of the hair hole or follicle, nor is there one needed. The 
hair has to grow out a long distance as a free floating cylinder, and, therefore, 
must have a rich supply of nutriment at its base, to be transmitted up its 
medulla or richly cellular centre. The nail, on the contrary, is a short, flat 
plate with very little free projecting edge. It is produced back in the 
previously mentioned slot, and is slid forward on longitudinal grooves in the 
nail bed, to which it is tightly adherent, and from which it receives nourish- 
ment and undoubtedly also some addition to its under surface. Very little 
nail substance, however, is produced distal to the lunular surface. Any 
injury received by the nail while it is in the formative stage, deep in the slot, 
may deform it, and this deformity is gradually slid forward with the natural 
growth of the nail, and does not become visible until the nail plate is free 
from the posterior nail fold. It takes six months for the nail to grow out 


(which coincides with Heller’s estimate of the rate of growth of the nail, 
about 0.1 mm.aday). In addition to the interest attaching to such deformi- 
ties as indicating the time when the malady that produced them occurred, 
they also may give some idea of the severity of this malady. 


He believes that it also gives some idea of the tenesmic convulsions of 
the tissues in their effort to expel the carbon dioxide and probably also 
the accompanying lactic and other acids, that should be carried away 
bythe blood as formed. The process may be a tenesmus of the muscular 
walls of the blood vessels, comparable to the tenesmus in the muscular 
walls of the intestine or bladder when these viscera become overfull of 
expellable contents. The basis for his conception is that given by Yan- 
dell Henderson, from which it appears that carbon dioxide is the normal 
stimulant that supports the circulation, respiration, intestinal tonus and 
peristalsis, and it is only a step between the normal tonus and spasmodic 
contraction. 

Herbert French (8) in 1917 expressed the opinion that whereas longi- 
tudinal (lateral) ridges on nails generally mean nothing in particular, 
transverse ridges on nails (especially symmetrical) are important evidence 
of a previous disease, the time and duration of which can be approximated 
by the transverse ridging. Ball and Alamartine (9) in 1912 express the 
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opinion that hypertrophic osteoarthropathy is occasioned by toxins or 
poisons developed as a result of pulmonary tuberculosis which, like the 
urates in gout, have a specific predilection for certain tissues and locations, 
the changes in hypertrophic osteoarthropathy occurring in spite of the 
total absence of the tubercle bacilli in these tissues. ‘They describe (10) 
a condition in dogs similar to that in man and with a like etiology. 

The investigations to be reported here were begun with the primary 
object of studying the nails of the feet of consumptives, in order to de- 
termine how many could be benefited by treatment. It had been 
observed previously that a fairly high percentage of sanatorium patients 
complained of nail trouble, especially ingrown nails. Upon closer 
investigation this proved to be in the majority of cases occasioned by 
the variously called “hippocratic nail’ or ‘parrot beak nail” or “in- 
verted nail” of different authors, associated with hypertrophic osteo- 
arthropathy. As a result of our studies we prefer to call this the hyper- 
convex nail of hypertrophic osteoarthropathy, a more appropriate and 
descriptive term for this condition. 

It was soon realized, however, that if the study were confined merely 
to the nails, a number of important points valuable in considering treat- 
ment might easily be overlooked. It was, therefore, decided to elaborate, 
and study the hands and feet of a fairly large series of cases of pulmonary 
tuberculosis. The results of these investigations proved of so much 
interest that it was decided to further extend these studies. 

The oral and facial regions seemed to offer special opportunities. It 
was in this way that a peculiar nodular tumor was noted upon the hard 
palate in the midline and extending to the junction of the hard and soft 
palate. This tumor was especially pronounced in some cases of pulmo- 
nary tuberculosis. The condition caused no especial symptomatology 
and had not even been observed by the patient, except in one or two 
cases, where it was believed that a gradual increase in size was noted 
together with a slight change in speech occasioned by the growing tumor. 
A survey of the literature and consultation with laryngologists didnot 
reveal the identity of this condition, although it had been seen (11) but 
not correlated with any other condition. 

The nails of both the hands and feet of many cases of pulmonary 
tuberculosis become inverted in the lateral grooves. The nails of the 
feet cause local pain by pressure, which leads to the impression that the 
nails are ingrown; but further examination will reveal that the nail 
edge is merely curved under upon itself and does not enter the flesh as 
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is the case in ingrown nails. The ingrown nail, a normal nail, is occa- 
sioned by a true mechanical condition, due to anterior and lateral pressure 
upon the toe by short shoes or stockings, and differs from the hyper- 
convex nail, which is a truly pathological nail, attaining its shape as a 
result of a possible pressure from underneath due to a broadening of 
the toe as a result of soft tissue and bony changes, but mainly as a result 
of its changed consistency resulting from disease. Hyperconvex nails 
are brittle, often with yellow streaks at the bed made up of a soft “‘case- 
ous” material. The chalky excretion under the nail and in the nail 
groove, when present, is dry and white and easily pulverized. These 
nails usually reveal accentuated lateral ridging which is especially 
noticeable on the hands, while there is also a decided transverse ridging 
which occurs in waves and more especially to be seen on the feet. The 
multiple transverse ridges in the consumptive may in some way be 
related to the periodicity of the disease. Mixed ridging, both lateral 
and transverse, is usually only found in the large toe nails, but may be 
present in all toes: it is rare, however, in the finger nails. 

The soft tissue manifestations of hypertrophic osteoarthropathy are 
mainly seen in the distinct broadening of the distal ends of the fingers 
and toes. They are aptly described by the terms drumstick or clubbed 
fingers or toes. The nails are either spread broadly over the clubbed 
ends of the fingers or toes or are markedly inverted on the lateral edges 
as a result of their softer consistence. The anterior-posterior curvature 
is markedly increased in convexity and is aptly described as hypercon- 
vex. There may be an involvement of the soft tissues and nails of 
individual fingers of one hand or foot without symmetrical involvement 
on the other side. Thisis commonly seen. There may also be a marked 
involvement of the soft tissues of the tips of the fingers or toes, with 
practically normal nails and vice versa. In many cases there is a broaden- 
ing of the soft tissues in the vicinity of the proximal phalanges of the 
hands; whether this is due to bony thickening or actual soft tissue increase 
in this vicinity could not be determined. On account of the deformity 
frequently occasioned by the wearing of short and narrow shoes which 
may produce more or less clubbing of the soft tissues of the toes, it is 
advisable, except in pronounced cases, to forego conclusions until a 
complete examination of the hands and feet has been made. In the 
roentgenograph, however, a differentiation is easily made by the 
disclosure of obliteration of the interphalangeal joints in these cases. 
(See figure 20.) 
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Fic. 1. PRONOUNCED LATERAL RIDGING oF Natit OF GREAT TOE WITH YELLOW CASEOUS 

EXCRETIONS UNDER RIDGES AND CLUBBING OF TOES 
Fic. 2. PRONOUNCED TRANSVERSE RiIDGING OF ALL TOE NAILS 
Fic. 3. MARKED MrxED RIDGING OF GREAT TOE IN CASE OF ECZEMA AND PULMONARY 
TUBERCULOSIS, WITH CHALKY EXCRETION UNDER NAIL. MARKED 

TRANSVERSE RIDGING OF NAIL OF SMALL TOE 

Fic. 4. HypERCONVEX NAILS WITH MIxeED RIDGING AND CLUBBING OF 3RD AND 4TH TOES 

ESPECIALLY PRONOUNCED 
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Fic. 5. Typicat INGROwN NAIL 
Fic. 6. Typ1cAL INVERTED Tor NAILts OF PRONOUNCED TyPE, SHOWING THE CURVING 
UNDER OF THE LATERAL EDGES 
Fic. 7. HyPERCONVEXITY OF ALL TOE NAILS WITH LATERAL SPREADING OF NAILS OVER THE 
CLUBBED TOES 
Fic. 8 A. Lert Foot witH CLUBBING oF ALL TOES AND HYPERCONVEXITY OF THE NAILS 
Fic. 8 B. Ricut Foot witH SAME CONDITION As Fic. 8A 
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Fic. 9. PRONOUNCED LATERAL RIDGING OF FINGER NAILS WITH CHALKY DEPOSITS UNDER 
THE RIDGES } 

Fic. 10. HypERCONVEX NAILS AND CLUBBED FINGERS WITH LATERAL SPREADING OF NAILS 
Fic. 11. THICKENING OF DISTAL PHALANX OF 1ST AND 2ND FINGERS AND HYPERCONVEXITY 
OF THE THUMB NAIL OF THE RIGHT HAND 
Fic. 12. CLUBBED FINGERS WITH HYPERCONVEX BROAD TYPE OF NAILS 
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There may be a hypertrophic condition of the soft tissues of the tips 
of the fingers and toes without any bony changes and vice versa, corrobo- 
rating Kessel’s findings in this respect. Hypertrophic osteoarthropathy 
of the bony structures of the hands and feet is manifested most in the 
burring of the distal ends of the terminal phalanges, which is a promi- 
nent factor in the production of the clubbed or drumstick fingers or toes. 
The periosteal thickening of the phalanges, especially in the proximal 
phalanx of the finger and the middle phalanx of the toe, is the next 
most common finding, while involvement of the metatarsals and meta- 
carpals is less frequent. Often heavy spurs may be found at the proximal 
end of the terminal phalanges of the large toe. Rarely, irregular new 
bone growth may be seen along the shaft of this phalanx. In some of 
the more pronounced cases of hypertrophic osteoarthropathy the proximal 
phalanges of the large toes may lose their concave sides and tend toward 
a cylindrical form with straight sides. Like the soft tissue changes, the 
bony manifestations may be irregular, involving single toes, and unsym- 
metrically the hands and feet. In the hands, when only one or two 
fingers are involved, the bony changes are more pronounced, usually 
in the middle finger, while in the feet the second toe is most involved. 

These studies revealed that other foot conditions, not directly related 
to hypertrophic osteoarthropathy, such as flat feet, are due rather to 
occupational conditions than to this disease, and the percentage among 
consumptives is not greater than among a group of nontuberculous 
individuals. Acute and chronic foot strain was not found in the sana- 
torium group of patients, since the ordinary rest treatment corrects this 
condition. 

Calluses and corns were found distinctly less frequent among this class 
of patients for the same reason. The complaints of ingrown nails in 
consumptives taking the rest treatment proved upon examination not 
to be true ingrown nails, but the incurved nails of the hyperconvex type 
and not burrowing into the flesh of the lateral groovesofthe toes. Hyper- 
hydrosis is not more common in a sanatorium group of consumptives 
than among a like group of healthy individuals. 

In order to obtain information on the incidence of the various man- 
ifestations of hypertrophic osteoarthropathy, affecting the hands and 
feet of consumptives in various stages of the disease and classified accord- 
ing to the activity and approximate duration of the pulmonary condition, 
the hands and feet of 102 cases of pulmonary tuberculosis patients in 
the National Jewish Hospital for Consumptives, were carefully examined. 


Fic. 13. SKIAGRAPH OF NorMAL Hanps 
Note the fine pointing of the distal ends and the absence of roughening of the periosteum 
of the phalanges. 
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Fic. 14. SkIAGRAPH OF NORMAL FEET Not 
Note the absence of burring on the distal phalanges and the graceful concavity of the i 
shafts (periosteum) of the proximal phalanges. 


368 


ends of 


: 
No 
ag 
if 
: 
| 
a 
| 


Fic. 15. SKIAGRAPH OF CLUBBED FINGERS 
Note burring with spurs on the distal phalanges and thickening of the soft tissues at the distal ends of 
the fingers. 


Fic. 16. SKIAGRAPH OF CLUBBED FINGERS 
Note marked periosteal thickening of the proximal phalanges and soft tissue thickening of the distal 
ends of the fingers with burring of the tips of the distal phalanges. 
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Fic. 174 Fic. 178 
Fic. 17 A. SKIAGRAPH OF HAND oF A Boy WITH TUBERCULOSIS OF THE KNEE FOR ABOUT 
EIGHT YEARS 
Note periosteal thickening of all carpal and phalangeal bones and clubbing of distal 


phalanges. 
Fic. 17 B. SktaGRAPH OF Foot oF NONTUBERCULOUS LEG oF PATIENT oF Fic. 17 A 


Note periosteal thickening along shafts.of phalanges and metatarsals and extreme width 
of proximal phalanx of great toe. 


Fic. 18. SKIAGRAPH OF CLUBBED TOES 
Note extreme burring of tips of distal phalanges of all toes except great toe, which has 
definite spurs on base of distal phalanx. The soft tissues of the ends of all toes are clubbed. 
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Fic. 19. SKIAGRAPH OF FEET 
Note irregular bone formation along shafts of metatarsals, thickening of middle pha- 
langes of 2nd and 3rd toes of both feet with obliteration of the concavity, and periosteal 
thickening of all the bones. The toes are clubbed, with burring of the distal phalanges. 


Fic. 20. Sk1iAGRAPH OF A NORMAL Foot wItH SLIGHT CLUBBING (NOT HYPERTROPHIC 
OSTEOARTHROPATHY) 
Note clubbing of soft tissues of ends of toes and joint obliteration between the 2nd, 3rd 
and 4th toes of the right foot and of the 2nd and 3rd phalanges of the 4th toe of the left 
foot, occasioned by wearing short and narrow shoes. 
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The examination consisted of a careful study of the nails for the type and 
ridging, and of the soft tissues for clubbing, while the bone changes were 
studied in roentgenographs. The cases were classified as carefully as 
possible into the various stages of the disease, the presence of activity 
and the approximate duration of the disease and tabulated with the 
results given in tables 1 and 2. For comparison a series of 12 normal 
individuals were also'studied with the results incorporated in table 1. 
The cases were further classified into males and females except in the 
incipient class, where the number of cases (7) was too few to permit of 
such division satisfactorily. 

Tables 1 and 2 bring out the following points: 

1. In consumptives there is found a high percentage of hyperconvex 
nails regardless of the stage of the disease. The incidence on the hands 
is exactly the same as that on the feet. 

2. Lateral ridging of the finger nails is present to a slight extent in 
normal individuals and is merely accentuated in the consumptive. The 
same condition exists in the feet, where, however, slight transverse ridging 
is found fairly often in normal individuals. In the consumptive the 
ridging of the toe nails of the feet becomes more marked, and pronounced 
transverse and mixed ridging is much more frequent. (In the tabulation 
these points could not be brought out.) 

3. Hypertrophy of the soft tissues of the hands, especially to be seen 
at the tips of the fingers and thumb, is practically absent in normal in- 
dividuals (unless produced by mechanical and occupational means, 
when it may be slight and the cause discovered by a complete examina- 
tion), and is common among consumptives. This is also the case in 
hypertrophy of the soft tissues of the toes, seen most pronounced at the 
tip, being common among consumptives. The incidence of soft tissue 
hypertrophy is about the same in the toes and in the fingers of cases of 
pulmonary tuberculosis. The incidence of soft tissue hypertrophy is 
greater in the active than in the inactive cases of pulmonary tuberculosis. 

4. The incidence of bone hypertrophy of the hands and feet, es- 
pecially to be seen as burring of the tips of the distal phalanges and 
periosteal thickening of the shafts of the phalanges and the metacarpal 
and metatarsal bones, may be present to a slight extent in “so called” 
normal individuals (as seen in two cases having had an acute pulmonary 
infection (influenza) a short time prior to the examination) but is common. 
to a pronounced degree among consumptives. The incidence of bone 
hypertrophy is about the same in the toes and in the fingers of cases 
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of pulmonary tuberculosis. The incidence of bone hypertrophy is 
greater in the active than in the inactive cases of pulmonary tuber- 
culosis. 

5. No significant differences in the incidence of the manifestations 
of hypertrophic osteoarthropathy in cases of pulmonary tuberculosis 
were noted, whether the pulmonary condition had been of short (one 
year or under) or long (over three years) duration. 


A result of the study of the literature and Kessel’s findings of malar 
thickening and globular nose formation, especially in the more pro- 
nounced cases of hypertrophic osteoarthropathy in consumptives, led 
to the belief that the hypertrophic condition was generalized, and that 
further study of regions heretofore unobserved, that is, the facial and 
oral regions would lead to interesting findings. It seemed highly proba- 
ble that the jaws might reveal something of significance. In this study 
of the oral and facial regions there were included 94 cases of pulmonary 
tuberculosis of various stages (National Association Classification), 
and for comparison 12 normal individuals. The studies were divided 
into careful observations of the teeth, gums, bony processes of the jaw, 
hard and soft palate, tongue, nose, and malar processes. Roentgenolo- 
gical study was made in a number of these cases, but on account of the 
difficulty of interpretation it revealed nothing of special significance 
and was discontinued. The cases were classified according to sex, 
activity and duration of disease. The results are given in tables 3 
and 4. 

In the adult consumptive (contracting the disease after early child- 
hood) the teeth revealed nothing of significance or possible of interpre- 
tation. In some cases the roots seemed to be more bulbous but whether 
this had anything to do with hypertrophic osteoarthropathy could not. 
be determined. As a whole the consumptive does not differ in structural 
tooth conditions from the normal individual. In children with tuberculo- 
sis the incisors were serrate, and the crowns of the bicuspids and molars. 
were irregular, and tooth decay was more prevalent than normal, being 
almost coincident with eruption of the teeth. 

Pyorrhoea alveolaris is common among consumptives both young and 
adult. The gums of the consumptive are in the majority of cases anemic 
and hypertrophied and do not bleed readily. Upon extracting teeth 
the socket is dry and does not bleed readily but seems to heal rapidly. 
The bony processes in a great many cases reveal a decided thickening, 
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which seems to be more pronounced in the superior maxilla than in the 
lower jaw or mandible. This reveals itself on the internal surface of 
the lower jaw, first above a line at the level of the genial tubercle and ex- 
tending around to about the first molar tooth, obliterating the concavity 
above this line. The external surface of the lower jaw at about the same 
level thickens to a lesser degree. On the upper jaw or maxilla the thick- 
ening is more pronounced on the external surface following the concavity 
above the teeth, being more pronounced in the molar region. The in- 
ternal surface is less involved. - 

In about 25 per cent of the cases of pulmonary tuberculosis the hard 
palate reveals a thickening located in the midline and extending from 
the horizontal plate of the palate bone to the foramen of Scarpa, situated 
in the anterior portion of the palatal process of the superior maxilla, 
especially in pronounced cases. The tumor early may only be revealed 
as a slight elevation in the midline covered by an anemic mucous mem- 
brane, and sometimes can only be found by palpation. In the more 
pronounced cases the tumor situated in the midline is covered with a 
distinct anemic mucous membrane. The tumor is distinctly hard and 
bone-like to the touch. Its growth is so gradual that it passes un- 
noticed by the patient but may cause a slight change in articulation. 

Changes in the soft palate were extremely difficult of interpretation 
and the examinations, therefore, yielded nothing of special interest re- 
garding this part of the palate. Likewise, changes in the tongue were 
difficult of interpretation, and only decided enlargement of this organ 
was considered and recorded as abnormal from the standpoint of hyper- 
trophic osteoarthropathy. The same was true in the case of the globu- 
lar formation of the nose and the thickened malar processes. The 
figures in these cases are merely given for what they are worth and only 
indicate a possible deviation from normal. 

Tables 3 and 4 bring out the following important points not noted 
above: 

1. In consumptives there is found a high incidence of hypertrophic 
involvement of the gums which is slightly more pronounced in the ac- 
tive than in the inactive cases. The teeth show nothing of especial 
significance. 

2. Hypertrophy of the bony processes of the jaws (mandible and 
maxilla) is fairly common in cases of pulmonary tuberculosis, the in- 
cidence being greater in the active cases. 
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TABLE 3 


Hypertrophic osteoarthropathy affecting the oral and facial regions in consumptives during 
various stages of the disease classified according to activity 


ORAL REGIONS 


NUMBER OF 


STAGE OF DISEASE CASES 


| Bony processes 
of jaws 
| Hard palate 
Soft palate 
Malar processes 


| 


Normal male and fe- 
male 


S 


* 


6 (4 males, 
Incipient 2 fe- 
males) 


18, males 


Moderately advanced 


7, females 


48, males 


Far advanced 


15, femalest 


sas 


* Thickening centre of hard palate. 
} Boy with tuberculous knee; incisors irregular and molars soft. 
{ There were no female inactive cases in the far advanced class in this series. 
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TABLE 4 


Hypertrophic osteoarthropathy affecting the oral and facial regions in consumptives classified 
according to the duration of the disease 


STAGE OF 
DISEASE 


NUMBER OF 
CASES 


DURATION OF 
DISEASE 


Incipient 


Moderately 
advanced 


Far ad- 
vanced 


< 


\ 


6 (4 males, 


2 fe- 


males) 


18, males 


7, females 


48, males 


15, females 


1 yr. or un- 
der (2) 


1-3 yrs. (2) 


Over 3 yrs. 
(2) 


1 yr. or un- 
der (2) 


1-3 yrs. (10) 


(6) 


1 yr. or un- 
der (2) 


Over 3 yrs. 
(0) 


Over 3 yrs. 

1 yr. or 
der (7) 

1-3 yrs. 
(16) 


Over 3 yrs. 
(25) 


der (3) 


1-3 yrs. 
(2) 


Over 3 yrs. 
(10) 


( 
1 yr. or un- 
\ 
{ 


ORAL REGIONS 


Bony processes 
of the jaw 


Soft palate 


=) 


*Incisor notched and molars decayed. 
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Fic. 21. PLASTER Moprer or Norma Roor or MoutH 
Fic. 22 A. PHOTOGRAPH, TO SHOW TuMorR-LIKE NODULE OF HARD PALATE 
Fic. 22 B. PLastER MopEL oF Roor oF Mouts (Fic. 22 A), To SHow TEETH AND HARD 
PALATE WITH TuMOR-LIKE NODULE IN MIDLINE 
This is a case with slight enlargement 
Fic. 23. PLASTER MopEL oF Roor oF Moutu, To SHow MopERATE SizED TuMoR-LIKE 
NODULE IN MIDLINE 
Fic. 24 A. PHoTOGRAPH, SHOWING TuMOR-LIKE NODULE OF HARD PALATE 
Fic. 24B. PrasteR Mopet or Roor or Mourn (Fic. 24A), SHOWING PRONOUNCED 
NODULE IN MIDLINE 
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Fic. 25. PLASTER MopEL SHOWING NORMAL INNER PLATE OF THE ALVEOLAR PROCESS OF 
THE MANDIBLE 


Fic. 26. PLASTER MopEL SHOWING ENLARGEMENT OF INNER PLATE OF ALVEOLAR PROCESS 
OF MANDIBLE, WITH OBLITERATION OF NORMAL CONCAVITY 
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3. Hypertrophy in the midline of the hard palate is fairly common 
among consumptives, and the incidence is greater in the active cases, 
which seems to correlate this condition with general hypertrophic 
osteoarthropathy. 

4. There seems to be very little correlation between the above con- 
ditions and the actuab duration of the pulmonary condition. 

5. The condition of the soft palate and tongue could not be correlated 
with the general condition of hypertrophic osteoarthropathy. 


Fic. 27. PLASTER MoDEL SHOWING ENLARGEMENT OF INNER PLATE OF ALVEOLAR PROCESS 
OF MANDIBLE, WITH IRREGULAR HYPERTROPHY IN THE CONCAVITY 


6. Although malar thickening and globular formation of the nose 
was noted, its relation to hypertrophic osteoarthropathy could not be 
definitely established because of the difficulty in interpreting these con- 
ditions in the patients studied. 

In order to better interpret the more important hypertrophic involve- 
ments of the hands, feet and oral regions two composite tables were made 
incorporating in percentages the positive findings classified according 
to sex, and the activity and the duration of the disease, from the pre- 
vious detailed tables 1 to 4. These figures are given in table 5, classified 
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according to activity, and table 6, classified according to the duration 
of the disease. These tables give the exact percentage incidence of the 
various hypertrophic conditions found in the entire group of consump- 
tives studied. 


TABLE 5 
Composite table of the incidence of the most common manifestations of hypertrophic osteoarthro- 
pathy involving the hands, feet and oral regions of consumptives; classified according to the 
sex and the activity of the disease 


HYPERTROPHIC OSTEOARTHROPATHY ORAL REGIONS 


NUMBER 3 
Soft tissue 


SEX ACTIVITY NAILS changes Bone Changes Hard 
alat 
Hands | Feet | Hands| Feet cesses | Piale 
per cent | percent | percent | percent | per cent | per cent | per cent | per cent 
-~ rs 43 81 79 | 86 | 93 | 88 | 90 | So | 25 
r \ + 28 86 64 68 43 40 85 40 45 
vaianl on 8 75 2s | So | 25 | 38 | SO | 25 | 25 


TABLE 6 
Composite table of the incidence of the most common manifestations of hypertrophic osteo- 
arthropathy involving the hands, feet and oral regions of consumptives; classified according 
to the sex and the duration of the diseasé 


HYPERTROPHIC 


OSTEOARTHROPATHY 


NUMBER 
OF NAILS Soft tissue 
CASES changes 


DURATION OF 
DISEASE 


SEX 


Bone changes Bony 
Gums | pro- Hard 
cesses 


palate 


Hands} Feet | Hands} Feet 


per per per per per per 
percent! Cont | cent | cent | cent | cent | cent | cent 


1 yr. or under 12 100 | 66} 75] 91]; 75} 90] 46} 19 
Male 1-3 yrs. 21 67 | 76| 67] 71 71; 81] 45] 19 
Over 3 yrs. 33 60] 76| 79} 90] 40} 22 


1 yr. or under 75 50] 50} 75} 80 20 
Female 1-3 yrs. 16 755) 15) | 13 | 25 
Over 3 yrs. 16 361 32) 


Tables 5 and 6 emphasize the following points not discernible from 
the previous tables: 

1. Hyperconvex nails of the hands and feet are found to the extent 
of about 75 to 95 per cent in cases of pulmonary tuberculosis. The 
percentage incidence in the active cases does not differ materially from 
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the percentage incidence in the inactive cases. The incidence in male 
and female is approximately equal. 

2. Hypertrophy of the soft tissues of the hands and feet of male 
consumptives has a higher percentage incidence in the active cases 
(about 80 per cent) than in the inactive cases (about 45 per cent); The 
incidence in females, about 65 per cent in the active cases and 40 per cent 
in the inactive cases, is slightly lower than in the males. 

3. The same holds true for bony changes of the hands and feet of 
male consumptives (active cases about 90 percent andinactive casesabout 
55 per cent) and of female consumptives (active cases about 40 per cent 
and inactive cases about 30 per cent). 

4. Hypertrophy of the gums is approximately of the same incidence 
in males (active cases about 90 per cent and inactive cases about 75 
per cent) and females (active cases about 85 per cent and inactive cases 
about 50 per cent), although the active cases have a higher incidence 
than the inactive cases. 

5. The same is true of the hypertrophy of the bony processes of the 
jaws (mandible and maxilla), the incidence being about the same in 
males (active cases about 50 per cent, inactive about 20 per cent) and 
females (active cases about 40 per cent and inactive 25 per cent), al- 
though the active cases have a somewhat higher incidence in both males 
and females. 

6. The incidence of the tumor-like hypertrophy of the hard palate 
was slightly more prevalent in females (active cases about 45 per 
cent and inactive about 25 per cent) than in males (active cases about 
25 per cent and inactive about 10 per cent). The incidence in the 
active cases was also greater than in the inactive cases. 

7. No such correlation exists between the incidence of these various 
manifestations of hypertrophic osteoarthropathy and the approximate 
duration of the disease, this factor seemingly being insignificant in con- 
tradistinction to the significance of the activity of the disease in the 
incidence of the manifestations of hypertrophic osteoarthropathy of the 
hands, feet and oral regions of cases of pulmonary tuberculosis (see 
table 6). 

SUMMARY AND CONCLUSIONS 


Hypertrophic osteoarthropathy is a common secondary pathological 
condition in consumptives, manifesting itself as a hypertrophy of the 
soft tissues and bony structures of the body, with certain sites of predi- 
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lection. It is probable that there are still many sites in the body 
which have thus far escaped attention. 

The most common sites of the osseous manifestations of this associated 
pathological alteration in tuberculosis are the distal and proximal 
phalanges of both the hands and feet, the long bones of the arms and legs 
(Locke and Kessel), and the bony processes (jaws and hard palate) 
of the oral cavity. 

The most common sites of the soft tissue manifestations are the tips 
of the distal phalanges of both the hands and feet and possibly to a cer- 
tain extent the nose and malar processes (Kessel). 

The toe nails and finger nails are also a common site of the mani- 
festations of hypertrophic osteoarthropathy, the expressions of this 
condition of the nail being an increased convexity of the anterior poste- 
rior curvature—‘‘the hyperconvex nail’’—-a lateral broadening, and. 
increased ridging both lateral and transverse. 

Hyperconvex nails of the hands and feet of consumptives occurred 
to the extent of about 75 to 95 per cent in the series studied, there 
being no difference in the incidence dependent upon the activity of 
the disease or the sex of the case. 

Hypertrophy of the soft tissues of the hands and feet of consumptives 
has a higher incidence in the active (about 65 to 80 per cent) than in 
the inactive cases (about 45 per cent). 

Bone changes of the hands and feet of consumptives are more common 
in the active (about 90 per cent in males) than in the inactive cases 
(about 55 per cent in males). The incidence of bone changes was less 
in the females than in the males. 

Hypertrophy of the bony processes of the jaws in consumptives was 
greater in the active (about 50 per cent) than in the inactive cases 
(about 20 per cent). ; 

A tumor-like hypertrophy of the hard palate was found in consump- 
tives, apparently a manifestation of hypertrophic osteoarthropathy, 
which like the other manifestations of this condition had a greater 
incidence in the active cases (about 45 per cent in males) than in the 
inactive cases (about 25 per cent in males). 

No significant differences in the incidence of the manifestations of 
hypertrophic osteoarthropathy in cases of pulmonary tuberculosis were 
noted, whether the pulmonary condition had been of short (one year) 
or longer duration (over three years). 
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A complete study is essential to the diagnosis of hypertrophic osteo- 
arthropathy in consumptives, because of the varied manifestations of 
this condition and the simulation of the individual symptoms by other 
conditions, both mechanical and occupational. 

A roentgenological study for bone changes in the absence of external 
findings is essential to the making of a diagnosis of hypertrophic osteo- 
arthropathy, as was pointed out by Kessel. 
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THE SURVIVAL AND VIRULENCE OF TUBERCLE BACILLI 
IN EXCISED ANIMAL LYMPH NODES 


FURTHER STUDIES 


G. B. WEBB, C. T. RYDER ann G. B. GILBERT 
Colorado Springs, Colorado 


About five years ago we began a series of experiments on the pro- 
duction of tuberculosis by transplants of tuberculous lymph nodes and 
other tissues. The first report on this research was made in 1918 (1), 
and the main conclusion was as follows: that when tuberculous lymph 
nodes, or, for comparison, pieces of liver and spleen, are removed from 
tuberculous guinea pigs, and replanted under the skin in normal animals, 
and are retained, the bacilli thus transferred invariably produce a general 
tuberculosis which differs in no apparent way from that which follows 
inoculation with free virulent bacilli. 

Another phase of our earlier experiments dealt with the results of 
transplanting tuberculous nodes coated with collodion. When these 
were retained, they showed a progressive shrinkage by diffusion through 
the collodion membrane into the surrounding tissues of the host, until 
after several months nothing was left of the original node, of about 1 
cm. in diameter, but a minute mass about as big as a split pea, enveloped 
in a shrivelled collodion skin, and with its centre solidly calcified. 

In some cases large caseous collodion-coated nodes were planted in 
tuberculous animals, and this was followed by local inflammation and 
acute sickness, suggesting that the substances diffusing through the 
capsule were toxic for the tuberculous animal. But when the coated 
nodes were planted in normal animals the procedure was followed by 
no reaction, no altered sensitiveness to old tuberculin, no evidence of 
change in resistance to a subsequent tuberculous infection, and no lesions 
of tuberculosis. 

In one instance, after the coated node had been retained for about two 
months, a small ulcer developed over it. We excised node and skin, 
and found that the capsule had broken, and there was free communication 
between its contents and the host’s tissues. The pig was kept alive, and 
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remained entirely free from disease, as did another pig inoculated with 
pus from the excised lesion. This suggested that the bacilli did not 
remain alive in these coated nodes (2), as Heymans (3) has stated that 
they do when planted as an emulsion in pith capsules. Following this 
lead, we coated several nodes and kept them in normal salt solution in 
the incubator, then after a few weeks we inoculated fresh pigs with the 
contents. ‘These pigs also remained free from tuberculosis. 

It now became necessary to determine whether there was something 
in the process of coating the nodes which killed the bacilli. We there- 
fore undertook similar experiments with uncoated nodes. Guinea pigs 
were inoculated subcutaneously with virulent human tubercle bacilli, 
and when their inguinal nodes were grossly tuberculous the pigs were 
killed, and the nodes excised and placed in tubes of sterile salt solution 
in the incubator. At the same time an emulsion of tubercle bacilli was 
prepared in an exactly similar tube of salt solution, and placed with the 
other tubes in the incubator. At progressive intervals of time, nodes 
were taken out of their tubes and cut in two. One half was planted in 
a fresh pig, and the other half saved for microscopic sections, especially 
for examination as to the number and appearance of the tubercle bacilli 
present. At the same intervals, pigs were inoculated with the emulsion. 
The pig given a fresh node developed palpable tuberculosis of the inguinal 
nodes in fifteen days. Those given nodes which had been fifteen, twenty- 
nine, and forty-three days in the incubator developed no lesions. The 
pigs inoculated with emulsion which had been kept the same periods of 
time all became tuberculous in from ten to fifteen days (table 1). 

This first outline experiment was followed by another more extensive 
series, as a result of which we were able to conclude that the bacilli 
contained in the incubated nodes had completely lost all power to infect 
in seven days, and that the same change took place in tuberculous liver 
and spleen in three weeks or less. Experiments with these tissues at 
shorter time intervals are now in progress, and so far it appears that the 
results are the same as with the lymph nodes. The emulsion was still 
virulent after eighty-seven days (table 2). This loss of virulence was 
apparently due to the death of the bacilli, as cultures made from several 
of the tissues in question remained sterile, but we do not regard this 
point as absolutely established. It bore no relation to the presence or 
absence of contamination in the tubes. Several tubes became con- 
taminated with staphylococci, and some of the nodes from these tubes 
caused local abscesses when planted, but the results as regards tuber- 
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culosis were the same as in the case of the nodes which remained uncon- 
taminated. The nodes themselves are believed to have been in every 
case free from mixed infection during life. 

The loss of virulence was not accompanied by any noticeable changes 
in the shape or staining reaction of the bacilli, though variations occurred, 
as they often do in fresh material. Nodes, which had been incubated 
twenty-one, twenty-three and even forty-three days, showed large 
numbers of tubercle bacilli staining well with carbol-fuchsin, as appears 
in the tables, and the histological picture of the tissues themselves showed 
remarkably little change in this time. Connective tissue, fat tissue, and 
endothelial cells in many cases were so well preserved that it would be 


TABLE 1 


| RELATIVE TuBERcU-| TIME 
TUBERCLE AFTER | INGUINAL | PLANT OR 
| PLANT | NODES | INOCULA- 
FIRST | TION AND 

SECTIONS NOTED | AUTOPSY 


TUBER- 
CULOSIS 
AT AU- 
TOPSY 


GUINEA 
PIG 
NUMBER 


days days weeks 


Ii Inguinal +++ 15 8 
node 
IF Emulsion 15 
Iii | Inguinal +-+-+. | Staphylo- 
node cocci 
Tri | Emulsion 14 
Tiii | Inguinal +44 ? 
node 
Iriii_ | Emulsion 10 
Iiv | Inguinal +++ 
node 
| Emulsion 14 


impossible to assert that they were not alive. Lymphocytes were some- 
what less durable, and liver cells showed decided changes even at two 
days. 

Moreover, the inert bacilli persisted and kept their normal mor- 
phology for a long time after planting in the new host. In one instance (I’) 
a node, planted after thirty days’ incubation and removed at autopsy 
after nine weeks in the new host, still showed many tubercle bacilli of 
normal appearance in the caseous areas, which had become partly calci- 
fied. The same was true, both as to bacilli and calcification, in another 
node planted after forty-three days’ incubation and thirteen weeks in 
the host guinea pig ((I'¥). These pigs showed no signs of tuberculosis. 
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TABLE 2 


TIME 
TISSUE OR 
EMULSION 

HAD 

BEEN IN 
INCUBATOR 


RELATIVE 
NUMBER OF 
TUBERCLE 
BACILLI IN 
SECTIONS 


CONTAMINA- 
TION 
OF TUBE 


ABSCESS 


AFTER 
PLANT 


TUBERCU- 


INGUINAL 


LOSIS OF 
HOST’S 


NODES 
FIRST 
NOTED 


TIME 
ELAPSED 
BETWEEN 
PLANT OR 
INOCULA- 
TION AND 
AUTOPSY 


Inguinal 
node 
Liver 
Emulsion 
Inguinal 
node 
Inguinal 
node 
Inguinal 
node 
Emulsion 
Inguinal 
node 
Spleen 
Inguinal 
node 
Inguinal 
node 
Liver 
Salt solution 
from liver 
tube 
Inguinal 
node 


Inguinal 
node 


Liver 


Salt solution 
from liver 
tube 


Emulsion 


days 
2 


2 


2 
7 


Whole node 
planted— 
no sec- 
tions 

Whole node 
planted— 
no sec- 
tions 

Whole tissue 
planted— 
no sec- 
tions 


Staphylo- 
cocci 


Staphylo- 
cocci 


days 
19 


43 
19 


weeks 


9 
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Iii 7 Staphylo-| + 12 
cocci 
Ivi 65 20 3 + . 
ii 11 +++ 12 
Tiii 23 13 
23 +++4+ | Staphylo- 12 
cocco 
tiv 21 +++ 5 
Irv 21 + 13 
Ivi¥ 21 15 
Iv 30 9 
| 30 14 
87 13 8 | ++ 
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As a rule the planted tissue was mostly absorbed in a short time, and 
autopsy showed only a small brown area, which on section consisted of 
large endothelial phagocytes containing fat and pigment. Sometimes 
tubercle bacilli were demonstrated in these cells (I'¥), which often 
coalesced to form giant cells of the foreign body type. The tissue reac- 
tion, that is to say, resembled that produced by any inert insoluble foreign 
material. The only changes noted in the regional nodes corresponded to 
those at the plant—slight to moderate infiltration with pigmented phago- 
cytes. These phagocytes also carry some of the inert bacilli to the nodes, 
where we have sometimes detected them in small numbers. 

We next did a third series to determine exactly when the loss of virulence 
occurs. In this series we planted nodes after incubation periods of 1, 2, 
3, 4, 5, 6, and 9 days. Those of 1, 2, and 4 days produced disease; the 
lesions in the four-day host were slight as compared with the one and two- 
day pigs, at autopsy after nine weeks, but this may have been a matter of 
dosage, since the node used on the fourth day was a very small one, while 
the others were large. 

However, in this pig there was distinct early calcification in connection 
with caseation in the regional (right inguinal and iliac) nodes. Similar 
calcification was observed in the spleen of pig II, which was given tuber- 
culous liver incubated two days, and by biting at the incision produced a 
primary infection of his peritoneal cavity. We have since observed 
calcification as a result of inoculation with a very few free virulent bacilli. 
The 3, 5, 6, and 9 day nodes had not produced any visible tuberculous 
lesions when autopsy was performed after eight to nine weeks (table 3A). 
From these experiments it appears that vascular connections between 
the host’s tissues and the planted node must develop in the first few 
days after the node is planted, somewhat sooner, that is, than we believed 
when we published our first report. 

Finally, we cut open and crushed two large caseous nodes before 1 incu- 
bating them, thus setting many bacilli free on the surfaces of the tissue 
and in the salt solution, in order to find out whether we were right in 
believing that the loss of virulence was in some way a result of confine- 
ment of the bacilli in tissue. One of these became contaminated with 
organisms of putrefaction, and when planted after twenty-one days 
produced no tuberculosis. The other was not contaminated; it was 
planted after thirty-five days’ incubation and produced manifest tubercu- 
losis in the new host’s inguinal nodes in twenty-one days (table 3B). 
No unbroken node incubated more than four days has caused tubercu- 
losis in the new host in our experiments. 
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This prompt loss of virulence and apparent death of tubercle bacilli 
in tissue, without change in their appearance and staining, is at variance 


TABLES 3 A AND B 


GUINEA 
PIG 
NUMBER 


RELATIVE 
NUMBER OF 
TUBERCLE 
BACILLI IN 
SECTIONS 


CONTAMINATION 
OF TUBE 


HOST’S 
INGUI- 
NAL 
NODES 
FIRST 
NOTED™ 


ELAPSED 


TWEEN 


ULATION 
AND AU- 


TIME 


BE- 


TOPSY 


A 


Whole small in- 
guinal node 
Half of large in- 
guinal node 
Whole . medium- 

sized inguinal 
node 
Whole small in- 
guinal node 
Whole medium 
inguinal node 
Whole large in- 
guinal node 
Whole large in- 
guinal node 


No sections 


No sections 


No sections 


No sections 


No sections 


No sections 


No sections 


Half of crushed 
large caseous 
inguinal node 


Salt solution from 
tube of node 


Half of crushed 
large caseous 


inguinal node 


No sections 


Staphylo- 
cocci and 
putrefac- 
tive bac- 
teria 

Staphylo- 
cocci and 
putrefac- 
tive bac- 
teria 


with many previous observations, which vary also among themselves. 
The following quotations illustrate the status of opinion on the subject: 
Baldwin (4) writes 


TIME TUBER-| 
TISSUE CULOS!S| 
‘INCU | 
| 
| 
days days weeks | 
23 9 | ++ 
22 22 | ++ 
9 
31 9 +> 
vvi 8 
Vivi ? + 8 
8 
B 
[vii 35 21 5 ++ 
| 
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Putrefaction of sputum and tuberculous animal tissues usually destroys 
the tubercle bacilli within a few days (Baumgarten and Falk, de Toma, Schill 
and Fischer). It is dependent however on the nature of the process and how 
rapidly it takes place whether the products of decomposition are harmful to 
the bacillus or not. Galtier was able to infect animals after two months 
with putrid spleen and lung. . . ... Cadéac and Malet found buried 
tuberculous lungs virulent after five months, but Klein not after seven weeks. 


Ravenel (5) cites the same authors and adds, 


Petri found that the tissues of a tuberculous rabbit remained virulent for 
three months and six days when buried in a zinc box, but for only one month 
and five days when a wooden box was used. Galtier found that tuberculous 
tissues immersed in water renewed from time to time remained virulent for 
two months. 


Calmette (6) adds, ‘“‘Schottelius says that the bacilli remain alive in 
phthisical cadavers for several years.” 


As a result of our experiments we draw the following conclusions, 
which may serve to reconcile divergent views: 

1. Tubercle bacilli, enclosed in tuberculous tissue and kept in salt 
solution at body temperature, Jose their virulence and probably die in a 
few days, regardless of whether contamination occurs or not. 

2. Tubercle bacilli free in salt solution, or on the surfaces of crushed 
tissue, die in a short time when in close contact with certain types of 
putrefaction, but survive for a long time in the absence of putrefaction. 

The most plausible explanation of these facts seems to be that the 
bacilli confined in slowly dying tissue, and the bacilli in intimate contact 
with putrefaction, which involves reduction, are deprived of oxygen, and 
soon die from this cause; while bacilli which receive the necessary mini- 
mum of oxygen survive for a long time. Such conditions of aeration 
may exist on the surfaces of putrefying tissues exposed to air, and even 
immersed in water “renewed from time to time,”’ as in Galtier’s experi- 
ment. However, we are not prepared to exclude some specific lethal 
effect of the tissue itself, as suggested by Manfredi and Frisco (7) and 
Bartel (8). In 1909 Fontes (9) reported experiments in which an extract 
of tuberculous guinea pig lymph nodes greatly reduced the number of 
carbol-fuchsin-staining tubercle bacilli in an emulsion, while an extract 
of normal nodes had no such effect. In his report he makes no mention 
of the effect on virulence, and we have not been able to find in the litera- 
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ture any expansion or confirmation of his work. Some such factor may 
operate in our experiments. alesis however, attributes Fontes’s 
results to agglutination. 

The fact that the bacilli die so quickly in excised tissues inclines one 
to believe that when tubercle bacilli survive and keep their virulence 
for a long time in supposedly healed lesions, they are not completely 
encapsulated, nor entirely isolated from the host’s metabolism, but 
rather held in a state of minimum activity, a sort of hibernation in 
which there is still some biological exchange between them and the host’s 
tissues. This view seems more consistent with the current theory that 
the existence of such lesions is accompanied by active immunity against 
a new infection. It also offers some encouragement to our hopes of 
finding some successful method of chemotherapy in tuberculosis. But 
this lies outside the limits of our present experiments. 

This much we do know with approximate certainty: that tuberculous 
nodes upon removal from the original animal, and for a very few days 
thereafter, contain virulent bacilli capable of producing manifest lesions 
in a fresh host, usually in two to four weeks; but that after these nodes 
have been in normal salt solution in the incubator for a week or less 
the bacilli have completely lost all power to produce such lesions in a 
fresh host—at least, no tuberculous lesions appear in eight to twelve 
weeks after the tissues are planted. 

This calls for a continuation of the experiments, to find out whether 
it is simply a matter of the bacilli being alive or dead, or whether there 
are stages of attenuation between, say, the second and seventh days, in 
which we may have bacilli which do not produce the usual disease, but 
may be capable of producing retarded or otherwise modified lesions. 
We shall have to inoculate another series with nodes 1, 2, 3 days old and 
so on, and keep these pigs alive for six months to a year, in order to see 
if any of them develop anything suggesting an attenuated infection. 

If this proves to be the case, it will be desirable to attempt some im- 
munizing experiments with incubated nodes, on the analogy of Pasteur’s 
antirabic vaccination with dried infected spinal cords, beginning with 
the very attenuated and working up to the virulent. In the absence of 
any practical method of immunization against tuberculosis, all such 
ideas are extremely seductive, but must be tested in a very deliberate 
and critical spirit. 

This research has been made possible through the generosity of Mrs. B. C. Allen of Colo- 
rado Springs. 
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WHAT CONSTITUTES THE EARLY RECOGNITION OF 
TUBERCULOSIS?! 


SELIG SIMON 


Saint Louis 


Krause (1) in an address on The Nature of Resistance to Tuberculosis 
aptly sums up the efforts of all tuberculosis workers when he says: 


The field is tremendous and has hardly been scratched in a systematic 
way. We must study the biology of these pathological formations in a 
developmental manner from the first signs of reaction to irritation right 
through to ultimate loss of tissue. For many years our pathologists have 
only too often sought to unravel our most difficult problems by meticulous 
observation of cavity and cheesy patch. But the slender threads that hold 
the solution to the riddle have long been cut down in the cavity. 


To me there seems little doubt that the results obtained in the ap- 
plication of the tremendous study on tuberculosis have fallen far short 
of the effort. Our present knowledge or, better perhaps, the application 
of that knowledge, has not materially changed tuberculosis morbidity, 
though mortality has-unquestionably been lowered through the medium 
of the sanatorium and other factors. 

When I speak of morbidity, I refer to the number of individuals, 
known and unknown, who as a result of tuberculous disease are rendered 
unfit, partially or wholly, to pursue their occupations in the productive 
sense of normal healthy people. So, too, the factor of diagnostic error 
looms strong in mortality, but its constancy, formerly and now, makes 
a lessening death rate seem plausible and actual. 

It is permissible perhaps to venture the thought that research tu- 
berculosis and clinical tuberculosis are separated by a chasm of infinite 
depth and distance. The investigator and the clinician have everything 
in common but nothing in particular: the one strives to learn a means 
of cure; the other strives to cure without means. 

In this brief paper an effort will be made to point out paths by which 
investigative knowledge may be brought closer to clinical practice. 


1 Read before the Trudeau Society, St. Louis, April 7, 1921. 
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It is conceivable, and in large measure conceded, that in thickly 
populated communities, such as cities, every human being sooner or 
later comes in intimate and repeated contact throughout life with living 
virulent tubercle bacilli. It is further conceded that in “practically 
every instance the tubercle bacillus enters the body by way of the air 
passages or the digestive tract or both. To exert its characteristic 
effect—to produce tubercle—it must get through the epithelium and 
INTO the tissues of the body. In the vast majority of cases it takes 
the path of the lymphatic vessels” (2). 

It seems perfectly logical to assume that inasmuch as the lymphatic 
system drains every part of the body there can be no infection of the 
body “without there being at some time or other infection of some part 
of the lymphatic system. . . . . Wemust remember too that lym- 
phatics encircle and course along the entire respiratory tract even to 
the terminal bronchioles, the length of the alimentary canal, and the 
entire venous and arterial systems of the body” (2). 

Miller (3) describes the lymphatic system and lymph flow in the human 
lung as follows: Grossly there is a superficial and a deep set of lymphat- 
ics, the former in the pleura, the latter accompanying the bronchi, 
pulmonary artery and its ramifications, and the pulmonary veins; 
it also forms a dense network in the connective tissue septa between the 
secondary lobules,. The two sets communicate with each other in the 
pleura and at the hilum of the lung. No lymphatics are present in the 
walls of the air spaces distal to the alveolar ducts. No lymphatics are 
present along the veins which arise from the walls of the alveolar sacs. 
Where the venous lymphatics join the pleural lymphatics valves are 
present, but throughout the lungs the lymphatics are, as a rule, destitute 
of valves. Valves are present in the pleural lymphatics but they are 
so arranged that they prevent the flow of lymph into the lymphatics 
of the lung. The pleural lymphatics drain into the hilum nodes. The 
pulmonary vein which takes its orgin from the pleura and passes into the 
interlobular septum is accompanied by a single lymphatic with a valve 
pointing toward the pleura, and it is this short and often obscure vessel 
which provides a by-path for the lymph when its free flow toward the 
hilum is prevented. It is important to remember that under normal 
conditions lymph drainage within the lung is toward the hilum. If 
drainage is prevented the flow is into the pleura by the by-path just men- 
tioned. Valves permit the flow of lymph from the lung into the pleura 
and prevent the flow from the pleura into the lung. Miller has never 
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seen lymphatics unconnected with lymph nodes leaving the lung, and 
we know that from the lymph nodes drainage is into the thoracic duct. 

The: clinical significance of these findings must be left for future 
discussion. 

Cornet’s inhalation experiments with bacilli of low virulence in 
dust caused, you will remember, definite tracheobronchial node tubercu- 
losis, though none was found in the lung. Krause (4) has shown that 
when normal guinea pigs are inoculated with an avirulent strain of 
tubercle bacilli in small doses, manifest tracheobronchial tuberculosis 
results without any demonstrable evidence of tubercle in the lung. 

This is in direct opposition to the teaching of Ghon (5) who insists 
that tracheobronchial node lesion in human beings arise from pulmonary 
lesion, because, first, whenever tubercle is found in the tracheobronchial 
node it is likewise found in lung, and second, changes in the lung are 
always older than those in the gland. In this connection Krause says: 


Ghon’s method of determining the comparative ages of lesions is open to 
severe criticism, and almost every student who has been accustomed to observe 
the development of tuberculosis and its spread from point to point in animals 
of experiment would be inclined to quarrel with him. In two tissues that 
differ so much as that of lymphatic nodes and that of lungs, the occasion 
must not infrequently arise that would make it almost impossible that the 
development of tubercle in one would keep pace with the development of 
tubercle in the other, even though the numbers of infecting bacilli that were 
brought to particular points in each tissue might be the same—and this is 
highly improbable. Even in the same tissue tubercle does not proceed at the 
same rate; and if considerable time—years perhaps, as in the human being— 
has elapsed since infection it may be totally futile to attempt to determine the 
relative ages of lesions. In fact, in my animals that were described above, 
only a few months after infection, lymph nodes like the tracheobronchials 
that were remote from the portal of entry, sometimes showed changes that in 
every way appeared to be older than those that were tributary to the point 
of inoculation; yet we are absolutely certain that lesion and infection developed 
in the latter first. 


The tracheobronchial nodes are the converging point for lymph that 
drains the lungs. Tubercle bacilli can get into these nodes ordinarily 
by way of the lymph from the lung and through the bronchial arteries, 
and the possibilities of their infection are overwhelmingly in favor 
of the lymph. Since the lungs are the converging point ultimately 
of all foreign particles that, gaining the lymph stream and passing through 
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interspersed glands reach the venous system, so the tracheobronchial 
glands can become the converging point for all foreign particles that 
enter the body and reach the lymph and venous blood streams. 

These observations do not preclude the possibility and the probability 
that anywhere and everywhere tubercle bacilli may be arrested in 
viscus or tissue and produce tubercle, but the number so arrested are 
few, the lesion they produce small, discrete, capable of successful at- 
tack and ultimate encystment with no harmful effect; while the far 
greater number continue their migration and are ultimately arrested in 
tracheobronchial nodes. 

Viewed from this angle, it is easy to understand how lungs on X-ray 
plates and at autopsy show discrete healed tubercle without any evidence 
of clinical tuberculosis; and in the presence of clinically demonstrable 
tuberculosis these same lesions remote from and apparently unassociated 
with the process produce signs and symptoms. 

The time at which these healed tubercles appear in the body depends 
largely if not wholly on the number of bacilli that gain entrance thereto 
in a particular individual, and the filtering out of such bacilli in small 
numbers from the lymph and blood streams as the masses are slowly 
borne to the lungs and eventually the hilum glands. 

In the fulminant type of disease, Clough (6) and others have re- 
covered tubercle bacilli by culture from the blood of such patients and 
I have demonstrated tubercle bacilli in the urinary sediment of patients 
suffering from chronic pulmonary tuberculosis with bacilli-laden sputum, 
who gave no symptoms and whose urine showed no evidence of kidney 
disease. 

Now then, if the hilum glands do indeed carry the brunt of the bur- 
den of infectious material such as tubercle bacilli, we would expect 
as Krause has shown experimentally, that they would show early lesion, 
and further, that as a result of such early lesion, there would be an 
ever increasing sluggishness of the lymph flow; that bacilli would tend 
to accumulate in the lymphatics and tissues near the hilum, and that 
tubercle formation would be accelerated in this neighborhood; that 
extension would proceed from this area outward and toward that portion 
of the lung where movement was least and consequent sluggishness 
of lymph flow greatest—namely, the apex. 

If this concept of spread of infection and lesion be true, then all 
superficial tuberculosis, that is, recognizable parenchymal involvement, 
is not early but advanced disease, with hope of cure remote. The 
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recognition of early tuberculosis then would centre around the hilum, 
and if, in this area, that is, between the second and the fifth dorsal 
segments in the interscapular space, we elicited impaired resonance, 
harshened whisper and bronchial breathing or any modification of these 
different from the normal, we would be justified in assuming that here 
we had evidence of a beginning parenchymal tuberculosis which left 
unchecked would spread to the surface causing widespread disease. 
The physical findings noted above are comparable to those so frequently 
suggested by the pediatrist interested in tuberculosis, though he at- 
tributes his findings to tracheobronchial lesion, when in truth the proc- 
ess has already involved the deep lung in this neighborhood. Green- 
berg (7) in a paper on Chronic Tuberculosis Hilus Pneumonia in Children 
remarks that “the type of tuberculosis to which I wish to call attention 
may be defined as a diffuse or parenchymatous process involving that 
portion of the lungs immediately adjacent to the hilum.” Further: 
“extensive tuberculous lesion about the hilum may occur in infants and 
young children which pursues a rather chronic course. Recovery prob- 
ably takes place in the majority of these cases even in children under 
two years of age.” 

It might be possible to so infect guinea pigs as to show the process 
of damming back of lymph with progressive development of tuberculosis 
from the hilum outwards. 

The autopsy table has brought home the knowledge that wherever 
lung tuberculosis is found there also is found involvement of the tracheo- 
bronchial nodes; that so called adult tuberculosis occurs in infants 
(8); that the cone and collateral circulation of Dunham (9) is an expres- 
sion of the probable fact that what eventually proves to be clinically 
recognizable tuberculosis always begins at the hilum and diverges along 
the lymphatics as they, the lymphatics, converge toward the hilum. 
Postmortem statistics on children and infants always reveal more striking 
phenomena as regards tuberculosis than adults. 

Wollstein and Spence cite the case of a three year old child with two 
cheesy tubercles in a bronchial lymph node at the hilum while the 
pia mater was the only other structure involved in the tuberculous proc- 
ess. In nine cases of intestinal tuberculosis they found two cases with 
lesions in the bronchial glands and none in the lungs. Most significant 
is this statement: “‘There were four children whose lungs contained 
recent miliary tubercles, while their bronchial nodes were free. Evi- 
dently the route of infection was through the blood stream.” An in- 
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fant nine weeks old, dying of meningitis showed a generalized tuberculosis 
in which “a cavity in the right upper lobe seemed to be the oldest lesion.” 
In 184 necropsies on tuberculous children between six weeks and five 
years there was not a single case of healed tuberculosis. 

Dunn and Cohen (10) found in 661 consecutive necropsies in children 
under two years old that 138 or 20 per cent showed tuberculous lesions. 
This suggests how frequently the disease is overlooked clinically. 

In 3100 admissions to the Infants’ Hospital, Boston, 291 had a diagno- 
sis of tuberculosis confirmed. This hospital accepts patients up to two 
years of age. 

I have been much interested in the question of infection and super- 
infection in tuberculosis. In the light of the above considerations 
it would seem that infection is not a fixed and static thing, but that it 
usually continues from its first assault in childhood throughout life; 
that if the dose of the first infection be sufficiently large and occur very 
early in life, we have fulminant disease or miliary tuberculosis; but if, 
as is more usual, the number of bacilli entering the body at any one time 
be small, reaction ensues in a regular and systematic but asymptomatic 
manner. This is not in conflict with the well known experimentally 
proved phenomenon that with the first infection there is produced 
a hypersensitive soil to all subsequent infections. 

We may venture the thought, basing our line of reasoning on these 
premises, that if every civilized human being lived long enough, he 
would sooner or later show unmistakable evidence of clinically recogniza- 
ble parenchymal tuberculosis. We might go further and say that in 
the large majority of people, throughout their lives, there is a reciprocal 
adaptation between host and bacillus, and that, when for one reason or 
another this adaptive mechanism breaks down, the parasite gains head- 
way. In considering the tubercle bacillus in its relation to its host, 
we must look upon the “organism as the constant and the body as the 
variable.” 

Bacteriologists, working on the chemistry of the tubercle bacillus, 
have found structures of intricate complexity. Through its long sym- 
biosis with body cells, it has acquired resistant structures that insure 
its safety and protect its life under most adverse circumstances. It 
has continued to live after being shut up in calcified tubercles for a 
quarter of a century; it has been rejuvenated from sputum twenty years 
old. Its ubiquity and the universality of animal infection compel us 
to think that its inherent structure is intimately bound up with and 


f 
ff 


EARLY RECOGNITION OF TUBERCULOSIS 403 


evolved from infinitely long parasitism in the animal body. It has 
grown and developed with human and animal life since life began and 
man will never be freed from its undesirable presence until he can so alter 
his body cells as to bring about this parasite’s death. 


SUMMARY AND DEDUCTION 


Tuberculosis is a disease of repeated infections throughout an indi- 
vidual’s life. 

Tubercle bacilli, once they gain entry to the body, reach the lymphatic 
system. Relatively few are arrested in intercalated nodes or collec- 
tions of lymphoid cells. The larger number are borne along through the 
venous system to the lungs where they are spread over the vast surface 
of pulmonary capillaries. Here too the smaller number may, as they 
leave the vessels to be again taken up by the pulmonary lymphatics, 
become arrested in collections of lymphoid cells or small lymph nodes 
but the larger proportion are borne with the lymph stream to the tracheo- 
bronchial nodes, where they set up definite lesion. 

The only exception to the above is in the fulminant form of disease, 
and even here the same phenomenon may occur. 

Tuberculosis near enough to the surface of the chest to be clinically 
recognizable is always advanced disease. 

Early pulmonary tuberculosis, clinically recognizable, always begins 
at the hilum as an extension from the tracheobronchial glands, is deep 
seated, gives few signs in varying degree, consisting of impaired reso- 
nance, bronchial breath sounds and harshened whisper, between the 2nd 
and 5th dorsal vertebrae in the interscapular space. Tracheobronchial 
lesion without extension into the lung gives no physical signs. 

The cure of tuberculosis is the eradication of the tubercle bacillus. 

The arrest of extension of disease is appropriate treatment when 
the process is confined to the deep lung in the neighborhood of the 
hilum. 

When the process reaches the surface all treatment is palliative. 

The furthest advanced tuberculosis need not be incompatible with 
life and even with a fair amount of work. 
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THE PROBLEM OF THE CHILD WITH LATENT 
TUBERCULOSIS! 


H. J. ACHARD 
Chicago, Illinois 


At a recent meeting of the Chicago Medical Society, a very interesting 
and instructive paper on latent tuberculosis in children was presented. 
The symptoms were described in an unobjectionable manner, and it was 
clearly indicated that, in the majority of cases, demonstrable lesions 
existed. Unfortunately, the essayist came to the conclusion that lat- 
ent tuberculosis in children did not require any special treatment be- 
yond attention to general hygenic and dietetic requirements. In the 
discussion this conclusion was concurred in. 

In a very few remarks, made during that discussion, I took the liberty 
to record my objection to this view, pointing out that very much might, 
and should, be done for children with latent tuberculosis. I should 
like to enlarge upon this point, for further discussion. 

Incidentally, the reporter of that meeting made me say that, in a 
study of something less than one thousand children, in Asheville, I 
found that tuberculous childen, whether active or latent, gained more 
rapidly in weight, absolutely, than normal children. Without ex- 
planation, that assertion is, of course, absurd. The remarkable gain 
was observed after these children had been actively immunized. Hence 
their rapid gain until they had reached the normal weight for their 
respective age periods. 


It is not so many years ago that the existence of occult or latent 
tuberculosis in children was denied outright. It was asserted without 
qualification that in infants tuberculosis was invariably fatal, while 
in children, say, from two to six or eight years old, it caused early death 
in the majority of cases. When Behring first suggested it (1903) and 
formulated his famous dictum that adult phthisis is but the last stanza 
of a song the first stanza of which is sung to the infant in the cradle, 
the idea was received with anything but acclaim. The infantile and even 


1 Read before the Chicago Academy of Medicine, January 27, 1921. 
405 


406 H. J. ACHARD 


the child’s organism was held to be so definitely nonresistant to the 
pathogenic action of the tubercle bacillus that it was taken for granted 
that tubercle bacillus infection in infants and children gave ‘tise to 
tuberculous disease unfailingly. 

In the following years, more especially around 1910 (with the local 
tuberculin tests of Pirquet, Wolff-Eisner, Calmette, Moro and others), 
the assertion made by Behring was found to be based on fact; so that 
pediatrists and pathologists, like Schlossmann, Hamburger, Andvord 
of Christiania, and others, published many contributions on the subject 
of tuberculosis as a children’s disease. 

United States government statistics show that in the past four years 
nearly 1,500,000 children under ten years of age have died in this country. 
As long ago as 1912, the United States Bureau of Education warned us 
that there were in this nation 400,000 children with organic heart disease; 
1,000,000 with tuberculosis; 1,000,000, with spinal curvature; 1,000,000 
with defective hearing; 4,000,000 suffering from malnutrition; 6,000,000 
with enlarged tonsils or other glandular diseases; 10,000,000 with de- 
fective teeth; and 15,000,000 who needed attention for physical defects 
prejudicial to health. 

While it is understood that, many times, these figures count the same 
children for various ailments and there is, therefore, some duplication, 
the great fact remains that, in a population of roughly 110,000,000 
there are 15,000,000 children, more than 10 per cent of the total popu- 
lation and a far greater proportion of the child population, physically 
defective. Since, in most instances, these defective children belong to 
that part of the population that is reached by dispensaries, to the lower 
middle classes and still lower strata of society, the problem becomes all 
the more grave if it is remembered that itis these portions of the population 
that procreate most energetically and produce the coming generations. 

It would be foolish to claim that all the 15,000,000 defective children 
require treatment solely on account of latent, inactive or active tu- 
berculosis. Still, I venture to say that especially latent and inactive 
tuberculosis, most frequently unrecognized, is responsible for the greatest 
part of existing physical deficiencies and that it could be eradicated 
by suitable treatment. 

The warning contained in the figures cited is repeated strongly in some 
data contained in Monograph No. 5 of the Framingham Demonstration 
Publications (Medical Series III). It appears that, of a total of 460 
children up to seven years old, 84 boys and 70 girls gave a positive 
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reaction to the cutaneous tuberculin test. Yet, on physical examination 
of the reacting children no active cases of tuberculosis could be dis- 
covered, even in those children under five years of age. If we keep in 
mind that Framingham is an average American town with an average 
American population and corresponding morbidity rate, including that 
of tuberculosis, it becomes evident that at least a number of those 154 
children reacting to the Pirquet test will ultimately acquire active tu- 
berculosis, unless measures are inaugurated to eradicate the infection 
while it is in its latent stage. 

Postmortem statistics and the results of tuberculin tests undertaken 
on large numbers of persons indicate that, of all adults, about 90 per 
cent carry a tubercle bacillus infection, a latent tuberculous focus, some- 
where within their body. This focus causes clinical tuberculous disease 
in about 25 per cent and becomes fatal in about 9 per cent. Andvord, 
of Christiania, estimates that clinically manifest tuberculosis is probably 
from 10 to 20 times more frequent than are the fatal tuberculosis cases. 
It follows that clinical tuberculosis heals in the majority of cases and, 
also, that it must pass through a more or less prolonged latent stage 
which may last for years, even many years. 

The tuberculin tests of the last decade have shown that the tuberculi- 
zation of the population, that is to say, the general infection with the 
tubercle bacillus, is accomplished by about the fourteenth year of life. 
In most of these cases, the infection remains latent and may never 
cause any active or serious trouble. Although this is reassuring, it can- 
not be denied that the latent infection is potentially harmful, comparable 
to a lighted fuse near a powder magazine. 

While the majority of those infected with the tubercle bacillus never 
experience any definite harm from this latent focus, there are certain 
individuals, especially those with a physical “predisposition” or with 
constitutionally receptive peculiarities making them liable to tuber- 
culous disease, also those living under unfavorable hygienic and other 
environmental conditions, that will ultimately succumb to the disease 
unless active steps are taken to produce in them an active immunity 
against the injurious action of the tubercle bacillus. 

The danger lurking in a latent tuberculous focus is indubitable, since 
Lydia Rabinowitsch, Julius Bartel and others have shown that ¢alcified 
and other apparently completely extinct tuberculous foci might contain 
living and virulent tubercle bacilli which produced active tuberculosis 
in guinea pigs. Hence, it evidently is not sufficient that the tuberculous 
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focus, even though it be latent, be entirely walled in by a fibrous capsule 
and eventually become calcified. It manifestly is necessary that, be- 
fore their imprisonment in the fibrous capsule, the tubercle bacilli be 
subjected to the bactericidal and bacteriolytic action of the fully immune 
tissue fluids. If such an active immunity is not developed spontane- 
ously, as occurs in the normally functioning human organism, it should 
be aided by means of active immunization. 

Clinical tuberculosis develops in those infected children who do not 
respond to the bacillary invasion with a suffrcient antibody formation. 
Whenever the latter—the immunizing response—is adequate, an in- 
fection will not develop into the corresponding infectious disease, no 
matter what may be its nature. Infectious disease is invariably a sign 
of a bankrupt immunizing apparatus. 

The line between the latent, inactive tuberculous focus and the 
“masked juvenile tuberculosis” referred to by Cooke and Hempelmann 
(AMERICAN REVIEW OF TUBERCULOSIS, November, 1920, p. 660) is 
exceedingly fine. Any little disorder, a cold, an attack of one of the 
exanthems, strain, exposure, and so on, may cause the latent focus to 
pass into the active by way of the masked form. 

Facts justify the assumption that the latent focus may persist for a 
few days or for many years. However, it is not said that, during 
a long duration of latency, a tuberculous focus is necessarily without 
more or less manifest influence upon organic well being and functioning. 
As it must be admitted that actual organic changes precede by variable 
extent and period the possibility of clinical recognition of tuberculosis, 
so it must be granted that between the dormant, latent, stage of tuber- 
culosis and the active invasion into the tissues of the tubercle bacillus, 
there is included a period of more or less intense bacillary metabolism 
wherein bacillary products are thrown off and cellular reactions are 
invoked—a series of vital changes that, indeed, constitute the essential 
chemical processes of tuberculosis; and yet all these may escape definite 
apprehension by our faculties. 

The reason for this is that the merely toxic effects of the tubercle 
bacillus, due to its endotoxins, its ‘‘aggressins,” or whatever you may 
want to call them, are not necessarily connected with the typical, classi- 
cal, anatomical form of tubercle, the characteristic lesion due to the 
action of the bacillus on the tissues. The toxic tuberculous lesions have 
been designated as paratuberculous, secondary-tuberculous, and so forth, 
and have found a lucid interpretation, for instance, by Poncet and others 
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in their descriptions of “tuberculous inflammation without tubercle,” 
“tuberculous rheumatism,” and similar affections. 

Indeed, latent tuberculosis may manifest itself in a great variety of 
ways of which we may mention only a few in passing. Some of them may 
be frankly tuberculous; most of them do not show clearly recognizable 
signs of pathological tubercle. There are scrofula, rickets, Poncet’s 
inflammatory tuberculosis and tuberculous rheumatism, Freund’s narrow 
upper throax, the so called phthisical habitus and other stigmata of 
“pretuberculosis” or of the tuberculous “‘predisposition:” also gingivitis, 
enlarged tonsils, nasal and pharyngeal catarrh and all that this implies, 
sinus infection, ear infection and many other things. I do not claim that 
all of these are invariably tuberculous in nature or causation. However, 
they are so in a sufficiently large number of cases to engage our attention 
urgently. Even if they are due to other bacteria, they tend to weaken 
the organism and lessen its resistance against the latent tuberculous 
focus, usually in the hilum glands. 

Since it has been established that the defensive and autoimmunizing 
mechanism depends, at least in part, upon a normal functioning of the 
endocrine organs and since it has been found that, in early tuberculosis, 
the thyroid and the adrenal functions are insufficient, evidences of 
weakness in that direction should call our attention to a possibility of 
latent tuberculosis. In the December issue of American Medicine, 
Harrower discusses this point and concludes that, if the thyroadrenal 
system is depleted, oxidation is diminished and the defensive apparatus 
is less efficient. By deliberate endocrine medication the lack may be 
supplied. 

I believe that I have said enough to show that the problem of the child 
with latent tuberculosis is a real one; one deserving of our best and most 
serious efforts. To pass it off with an airy declaration that such children 
are not in need of treatment beyond general hygienic and dietetic 
attention is futile. These children have a latent focus because, at one 
time, their immunizing response broke down. True, it became reéstab- 
lished and the infection became latent. But, the latency may change 
to activity. Do not forget that it is from the ranks of the children 
with latent tuberculosis that the consumptives of the future are recruited. 

What are we going to do about it? 


It is evident that the frequency of active tuberculosis in adolescents 
and adults is still altogether too high. One reason is that the most 
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important factor in the causation of adult tuberculosis, that of child- 
hood tuberculosis, has been generally recognized only recently. Even 
so, while the weight of tuberculosis prophylaxis has—quite properly— 
shifted from adults to children, efforts in this direction have been en- 
tirely inadequate to cope with the subject. Childhood prophylaxis 
is still too largely theoretical. Of those children who live and grow up 
in particularly unfavorable environments, only a small proportion can 
be reached and supervised. Even with daily visits of the district 
nurses, too many unfavorable factors persist actively to negate the splen- 
did work done by these devoted women. The annual outing of two weeks 
or so is available to but a very small number of children compared with 
the masses in need of it; and, alas, the two weeks’ vacation is all too 
brief to accomplish lasting good. Even the adoption of Grancher’s 
plan, as it is practised in the famous Oeuvre Grancher, can eliminate but 
a limited number of ‘‘phthisis candidates” and restore them to full 
health. The many tuberculosis dispensaries do yeoman work. But 
they too are far from reaching all who should be reached, nor can they 
do their work as thoroughly as it should be done. 

One reason why children with latent tuberculosis should receive 
active treatment is to be found in the very occurrence, or development, 
of the tuberculous focus. 

As is generally considered, tuberculous infection takes place in most 
cases in fairly early childhood, at the latest the first or second years of 
school life. This infection will progress to disease, accordingly as the 
normal, or physiological, defensive apparatus fails to function or as it 
becomes successfully activated. In the latter event, the defensive cells 
(lymphocytes and others) which are attracted to the tubercle bacilli 
that have invaded the mucous membranes or the submucous layers are 
stimulated by “‘agressin-like” substances to the formation of bacteri- 
cidal and bacteriolytic substances. If the formation of theseimmune sub- 
stances is sufficient quantitatively and qualitatively, the infection re- 
mains limited as such. Disease does not occur; on the contrary, the 
defensive cells have experienced a course of “training” which enables 
them in case of renewed infection to respond to that quickly. 

It is different when this physiologic defensive, or immunizing, response 
on the part of the organism is not inaugurated. In case of failing re- 
sistance, the tubercle bacilli are enabled to exert their irritating and 
pathogenic action upon the tissues in which they are localized. Tuber- 
cles form in the manner with which we are familiar in the pathological 
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descriptions, especially since Virchow. If an immunizing response fails 
altogether, progressive tuberculous disease is the consequence. 

In a great many cases, the resisting mechanism becomes sufficient, 
sooner or later after the formation of a definite tuberculous focus, to 
arrest its further progress. It becomes inactive and latent and some- 
times ceases to give rise to any systemic disturbances. In most cases, 
however, there are decided stigmata, mostly physical, although they may 
manifest themselves mentally and even psychically. There is especially . 
a tendency to anemia, to anorexia, to digestive disturbances with re- 
sulting autointoxication; then also the endocrine insufficiency. The 
great majority of these children afflicted with latent tuberculosis are 
physically and, sometimes, mentally below par in some respect. Fur- 
thermore, the tuberculous focus, latent though it may be, is like a keg 
of powder in an old shack containing much inflammable material. It 
may take but little to incite it to activity. An attack of one of the ex- 
anthems, an exposure to the inclemencies of the winter months, the 
strain and fear attendant upon study for examination, and many other 
things may activate a latent tuberculous focus. 

Quite evidently, the self immunization has not been quite sufficient, 
even though it succeeded in arresting the tuberculous process. If it 
had been maximal in degree, infection never would have progressed to 
disease at all. Therefore, the organism is in need of the outside support 
to the end that the immunizing mechanism may be stimulated and in- 
creased quantitatively and qualitatively to a sufficient degree. 

In dealing with these children with latent tuberculous foci, it must 
never be forgotten that the latently tuberculous children of to-day are 
the consumptive adults of to-morrow. It is always to be kept in mind 
that adult phthisis develops usually upon the basis of a tubercle bacillus 
infection suffered during childhood. 

For all these reasons, the need is quite self evident that all those 
children in whom a tuberculous focus can be discovered, no matter 
whether it be active, inactive or latent, should receive active and definite 
treatment through which their immunizing mechanism is trained in 
such a manner that it can produce a sufficient amount of immune sub- 
stance on call, whenever that may occur, to overcome an existing in- 
fection and to neutralize any toxic substances (mostly endotoxins) 
that may develop. The feasibility of such a program has been dem- 
onstrated by practical experience in various places. 
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Most authors, in discussing general hygienic, dietetic and climatic 
means for raising or maintaining resistance, speak of theoretical, ideal 
conditions. They outline what should be done—how children should 
be protected from massive exogenic reinfection,? how they should be 
fed, housed, cared for, including removal to favorable climates. For 
instance Walter B. Metcalf (Tuberculosis of the Lymphatic System, New 
York, 1919, pp. 147-153) discusses the problem interestingly, and ex- 
cellently—from the theoretical viewpoint. Still, his discussion merits 
earnest and careful study and observation. 

Unfortunately, practice and reality, that is, actual circumstances, 
stand here as elsewhere in sharp contrast to theory. The majority 
of children who are most in need of protection against active disease, 
who most require highly favorable conditions of living, are members 
of families with decidedly restricted means. Ideal diet, housing, open 
air conditions, etc., are impossible. There is then only recourse to do 
the best one can. 

Mary E. Lapham (New York Medical Journal, 1915, vol. ci, p. 108, 
and elsewhere) insists on periodical examination of school children, 
by which the first signs of active disease could be discovered. This 
was proposed years ago by Grancher to whose efforts the French pro- 
phylactic measures against tuberculosis are due. 

Pottenger’s discussion (Clinical Tuberculosis, St. Louis, 1917, ii, 
503 seq.) also merits attention. Especially should his warning against 
the indiscriminate removal of tonsils in children (p. 506) be heeded. The 
danger of leaving latent or inactive tuberculosis infection unchecked is 
pointed out in volume i, p. 109, seq. (zbid.). 

Pottenger wants to discover results of infection early, before physical 
signs have made their appearance, by means of tuberculin tests (vol. 
i, 110). 

Therapeutically, in addition to general hygienic, dietetic, climatic 
measures, he says that much can be accomplished with tuberculin 
preparations. 


A prolonged course of tuberculin given children of this type during the 
age period from five to ten or twelve years will often be a determining factor 
in their development. Even after the lung is involved, they yield quite 
readily to proper treatment. The child has the advantage over the adult in 


2In case of children with latent tuberculosis, it is not so much the exposure to infection 
from open cases, as rather reinfection from their own foci, that may give rise to active 
disease. Therefore, everything should be done to extinguish that latent infection. 
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that it is in the period of growth and development. This is the period when 
the body cells should be at their best, because they have not yet been injured 
by excesses of various kinds and by various poisons which have been either 
taken into the body or elaborated within the body itself; consequently, this 
is a very advantageous time for the treatment of tuberculosis. If more 
attention were given the disease at this time, there would be a marked diminu- 
tion in active tuberculosis during adult life; and, probably, no other factor 
would have a greater bearing upon the final solution of the tuberculosis 
problem. 


Bandelier and Roepke (Die Klinik der Tuberkulose, 2 ed., Wiirzburg, 
1912, p. 613, seq.) discuss the problem at length in its general aspects, 
insisting especially upon the importance of proper infant feeding and, 
then, of school hygiene. They advocate, in addition, exercises, care of 
teeth, since many disturbances of childhood (anemia, digestive troubles) 
that predispose to tuberculosis are sequels of dental disease. The 
tendency to insufficient thorax development (Freund) is to be combated 
by suitable exercise, so as to counteract a “‘phthisical habitus.” They 
limit individual therapeutic measures to those with tuberculosis of endo- 
thoracal glands and the earliest forms of pulmonary tuberculosis. 

Fishberg (Pulmonary Tuberculosis, 2 ed., Philadelphia, 1919, p. 
543) mentions that, after endemic diseases, the body is in a state of 
anergy and requires special care with a view to preventing metastatic 
autoinfection. 


This may be done by either taking the child to the country, preferably to 
the seashore, for a few weeks or months until it has completely recuperated; 
or, when it must be kept at home, it should be given proper nourishment and 
kept outdoors the greater part of the day, and it should sleep in a room with 
open windows. 

All this is splendid where it is feasible. However, in the majority of cases, 
it is not. These children should be given individual care in dispensaries, 
when means preclude continued visits to physicians. Suitable tonics, including 
cod-liver oil, are of actual benefit. Catarrhal conditions of mucous membranes 
can and must be treated. The specific resistance must be raised to highest 
point. 


In dealing with children with latent tuberculosis, we may remember 
that formerly these were considered as “specially predisposed” to 
phthisis and that is just what they are. Calmette-Petit (Petit, Le 
diagnostic de la tuberculose par V ophthalmo-réaction, 1907, Paris) declared 
properly that ‘‘les prédisposes sont des tuberculeux et non des tuberculisa- 
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bles.”” It should always be kept in mind that childhood infection re- 
sults in antitubercle-bacillus protection only if a complete immunity is 
produced. A latent tuberculous focus indicates a more or less tempo- 
rary breakdown of this immunity. Therefore, active steps must be 
taken to prevent other breakdowns. ; 

In his book, Tuberculin and Vaccine, Ellis Bonime devotes a brief 
chapter to the question of general prophylaxis. He insists particularly 
upon the elimination of pathological processes which so frequently 
occur in obscure recesses and occupy such small areas that they escape 
the notice of the patient as well as of the physician. Attention. should 
be paid to the nose and throat, while periodic dental examinations should 
be had to remove conditions that are most frequently sources of mixed 
infection. 

Regarding the consideration of dietetic measures, not only from the 
standpoint of nutrition but, what is more important, from the stand- 
point of assimilation, Bonime properly says that it should be our ob- 
ject to push the nourishment to the maximum point of tolerance, but 
absolutely limited by the amount of assimilating power of the individual. 
As soon as we exceed the power of assimilation by any quantity of food, 
’ we throw an added burden upon the already overtaxed system by forcing 
it to dispose of the surplus. And, since the circulation must be drawn 
upon in order to dispose of any surplus food, the circulation is diverted 
in an undue degree to the gastrointestinal canal, and an anemia is 
created at the point of infection. Improper feeding will thus interfere 
with or wholly prevent, one of the main assets in the conquest of disease— 
hyperemia. 

Wolff-Eisner, Calmette, Petit and many others demand the deliberate 
searching out of children with tuberculous foci, not only by physical 
exmination but also by means of specific-reaction tests, and to aint 
those reacting to prophylactic care. 

Of course, it would be futile to assert that, under certain environ- 
mental circumstsnces, all infected children necessarily develop active 
tuberculosis. Such a foolish assertion is well controverted by Raymond 
Pearl (AMERICAN REVIEW OF TUBERCULOSIS, 1920, iv, 688). A family 
consisting of a father with open tuberculosis and nine children, all living 
at home for years, under the same circumstances, all became unavoidably 
infected. Of the nine children, only two acquired active tuberculosis. 
Pearl properly sees a possible explanation in the influence of the con- 
stitutional factor in the etiology of active disease. 
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If the “latent” focus is entirely extinct, if there are absolutely no 
signs of physical deficiency, the child growing and progressing normally, 
active treatment is not necessary. Thus far, I agree with the generally 
prevailing opinion. However, in the majority of cases, the focus, 
which either was latent from the beginning or became so through success- 
ful self immunization, has given rise to certain physical stigmata, signs 
of physical deficiency. In such cases, care and attention are needed to 
restore normal conditions, or to establish them. 

I had intended here to outline other procedures that have been sug- 
gested by many authors. All of them deal principally with the general, 
hygienic, dietetic and environmental improvement of the children’s 
condition. One of the most notable of the actual undertakings in which 
some of these suggestions are being carried out is the Oeuvre Grancher 
with which you may be familiar. The late Professor Grancher proceeded 
on the idea that removal from danger eliminates it. In the work car- 
ried out under his name, the children of tuberculized families are placed 
in the country in healthy farmers’ families and, whenever possible, 
are adopted. The results of this work have been very excellent. It 
would lead me entirely too far, however, to enter in greater detail into 
other suggestions. 

With regard to the advice that is given so often, and obeyed with such 
pitiful faith (as though it were actually possible to carry it out),namely, 
to protect children against contact infection, I should like to say that the 
best way to fight a universal bacterial danger is not to run away from it, 
even if it were possible to do so; but, rather, it is to acquire the necessary 
specific protection against it through which the bacterial infection can 
be limited and rendered harmless. In this manner the struggle against 
smallpox was won, and its application to the prophylaxis against typhoid 
fever and diphtheria has recently been undertaken, and carried out, 
with full justice and success. In the same manner, only, can we 
hope to be definitely and lastingly successful in the struggle against 
tuberculosis. 

The successful eradication of tuberculosis would be of even greater 
bearing than was that against smallpox. However terrible was that 
plague, its mortality was only about ten per cent of the total deaths 
while that of tuberculosis was, until quite recently, notably higher. 
The economic loss due to smallpox, however, was far less than that 
from tuberculosis, as it did not entail so protracted periods of illness 
and nonproduction. Severe epidemics, such as those of smallpox, slew 
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their thousands quickly, and people became alarmed and demanded that 
the Government should do something about it. Tuberculosis is slow, 
insidious; yet, it slays its millions. Nevertheless, the people fold their 
hands and bow to the Will of God, which is their own inertia, their own 
unwillingness to bestir themselves. 

The treatment to which those children under consideration are to 
be subjected is of various kinds. It goes without saying that general 
hygienic, dietetic and climatic precautions should be taken, the children 
being supervised with regard to their personal habits, to their domestic 
circumstances and surroundings, with respect to their food, their at- 
tendance in school, and so on. Since most of these children will show 
a degree of anemia which may be slight, it will be well to administer 
‘tonics that have a beneficial influence upon the content of hemoglobin 
and also upon the number of red blood cells. Iron and arsenic, also 
manganese, probably are the best drugs to be used for that purpose. 
In addition, nuclein preparations are of use, which may be given in such 
a manner, internally or by hypodermic injection, as to stimulate directly 
the defensive cell action. 

In addition to a suitable and sufficient diet, it is often well to supply 
an excess of fats, the best form being cod liver oil. This, though, is ob- 
jectionable in many cases because of its unpleasant odoi and taste, and 
it may suitably be replaced many times by olive oil or corn oil. The 
iodine that is contained in the cod liver oil may well be supplied separ- 
ately. Especially in children whose lymph nodes show a tendency 
to swelling, I have frequently seen very satisfactory results from the 
administration, say, for one or two months at a time, of syrup of iodide 
of iron, from 10 to 30 drops well diluted, three times daily, after meals. 

In my opinion, which has been formed through observation of the 
activities of the von Ruck Research Laboratory for Tuberculosis, in 
Asheville, North Carolina, and elsewhere, as also through a careful study 
of the literature in point, I am convinced that for all children who have 
been infected with tubercle bacilli, immaterial whether the infection 
was followed by an actual tuberculous focus that was latent, inactive or 
active, specific immunization is required. In the active cases, it may 
be said at the outset, this specific immunization naturally is not prophylac- 
tic but rather therapeutic, and it must be undertaken with all the pre- 
cautions that experience and observation have dictated for the adminis- 
tration of tubercle bacillus products, or tuberculin preparations, of any 
kind. We need not concern ourselves with this phase of the problem 
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at all, since we are interested, more particularly, in the child with latent 
or inactive tuberculosis. 

In these children, it is an important problem to increase the specific 
immunizing response in addition to the physician’s efforts to raise their 
physical condition to as high a state of perfection as possible. The 
children may be immunized prophylactically so as to protect them against 
the later acquirement of active tuberculous disease. By active specific 
immunization, a ‘‘training” of the defensive tissue cells is accomplished, 
as was described graphically by Petruschky in his Grundriss. If this 
training is pushed to a little above the actual requirements, it will be all 
the more likely to result in renewed activity on the part of the defensive 
cells at those periods when either new exogenic infection takes place or 
when, for some reason or other, an endogenic reinfection is experienced. 
Petruschky has shown that, while the immunizing activity may cease, 
the ability of its reactivation is dormant and it becomes aroused when- 
ever need arises, providing physiological conditions are favorable 
for it; in other words, providing that the strength of the organism is 
adequate. 

It has been found that old tuberculin is not the best agent for pro- 
phylactic immunization against the activity of the tubercle bacillus. 
Old tuberculin, as is well known, contains more particularly the water- 
soluble constituents of the tubercle bacillus. There are, however, other 
products in this germ that are far more potent and potentially harmful, 
and against which a specific immunity is urgently needed. In addition 
to these, the pathogenic power of the tubercle bacillus fats is great. 
Much and Deycke have shown, and von Ruck has confirmed it, that it 
is possible to stimulate that formation of specific antibodies against these 
fat consitutents, for which reason this part of the immunization should 
be attended to in order to make the treatment complete. When, there- 
fore, we select a preparation suitable for a complete and effective specific 
prophylactic immunization against tuberculosis, we naturally cast about 
for a preparation that contains all reactive corpuscular substances of 
the tubercle bacillus. As far as I know, there are three preparations 
in existence that comply with these desiderata. They are Much’s 
“partial antigens,” von Ruck’s vaccine against tuberculosis, and Crof- 
ton’s (of Dublin) “antigen.” These three preparations are capable of 
stimulating a complete immunizing response to the action of the tubercle 
bacillus. Complement fixation tests have shown, by using the partial 
proteins as antigens, that “‘partial” antibodies are formed in response 
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to their introduction: that is to say, specific antibodies to the specific 
tubercle bacillus proteins.’ 

It stands to reason that the more complete an immunity exists to the 
possible pathogenic action of the tubercle bacillus in an organism, 
the more fully this organism is protected against disease, even in the 
event of weakening influences, such as other infectious diseases, strains, 
undue efforts and exposures. 

It would be easy to adduce parallels in support of my position. I 
need refer only to the vaccination against smallpox, and to the toxin- 
antitoxin immunization against diphtheria, both of which have re- 
ceived the approval and support of the best informed and most experi- 
enced observers in the medical profession. In the case of an infectious 
disease that is as prevalent as tuberculosis, a disease that takesso treach- 
erous a course, being acquired in its seeds in early childhood and remaining 
quiescent, hidden, obscure, for years before it breaks out in almost 
unrestrainable force, surely there can be no reasonable opposition to the 
necessity of utilizing every means by which the deleterious action of the 
infection upon the organism can be obviated, by which health and life 
can be preserved. I am convinced that a deliberate and extensive 
immunization against the tubercle bacillus, especially among school 
children, would go far toward reducing the tuberculosis morbidity among 
adolescents and adults in ten, twenty and thirty years from now. In 
my opinion, the prophylactic immunization provides one of the most 
effective means for a successful antituberculosis campaign. 

Dr. W. W. Crofton, of Dublin, declares that there is only one method 
of bringing up a low resistance to normal or of increasing a normal re- 
sistance, and that is by the production of specific antibodies in the in- 
dividual, by inoculating him with a vaccine of the related microbe. In 
the case of a universal infection like tuberculosis, he asserts, it is the 
only measure that will protect when the constitutional resistance is low- 
ered by the various environmental and inherited causes of low resistance. 

In an interesting communication (British Medical Journal, 1915, 
i, 629), he relates that it has been his practice, for the last eight years, 
to urge the members of families whose parents were tuberculous or in 


3It may be added that Ferran has based upon his peculiar views as to the nature of 
the tubercle bacillus a very logical and attractive method of prophylactic immunization. 
Particulars may be found mostly in the Spanish medical literature of the last few years. 
(See the Quarterly Cumulative Index to Current Medical Literature. Chicago, American 
Medical Association, 1918 and elsewhere.) 
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which cases of tuberculosis had occurred, to undergo short courses 
of treatment with tuberculin. Under the use of T. R. for prophylactic 
purposes, the improvement in health in many of the members of tu- 
berculous families has been most satisfactory and, so far, no case of 
tuberculosis has occurred among those so treated; but, as the author 
points out, the numbers are far too small to have as yet any value. 

In two more recent publications, namely, Pulmonary Tuberculosis, 

its Diagnosis, Prevention, and Treatment, London, 1917, and Thera- 
peutic Immunization, Theory and Practice, London, .1918, Crofton enters 
into the subject in greater detail and also gives particulars concerning 
his own tubercle bacillus “antigen” which he employs for the immuni- 
zation of children and adults. 
-As some of you will remember, Karl von Ruck proposed a more 
or less general specific protection against the acquirement of tuber- 
culous disease, in a paper presented before the Chicago Medical Society, 
in May, 1912: At that time he announced his vaccine which is a com- 
plete antigen, containing all the reactive constituents of the tubercle 
bacillus. 

Although von Ruck was the first to place the specific immunization 
against tuberculosis upon a definite scientific basis, the method itself 
had been suggested years ago by various authors. So, Heubner, von 
Behring, Calmette and others had declared it as desirable. Petruschky 
had insisted for years upon the importance of prophylactic immuniza- 
tion, especially of children living in families in which there are tubercu- 
lous members, and he attempted to secure it by means of persistent 
periodic courses of treatment with tuberculin. In order to avoid the 
many disadvantages of subcutaneous injections, he finally developed 
C. Spengler’s method of percutaneous administration, for which he later 
employed a liniment containing a glycerin extract of dried human and 
bovine tubercle bacilli, a small amount of which was applied on alter- 
nating places of the body at intervals of three days. The applications 
were made by the persons to be immunized, on their own bodies. 

In Hela, a peninsula projecting into Danzig Bay on the Baltic Sea, 
which is inhabited by fishermen and is virtually isolated from the 
world, Petruschky instituted, in 1911, the deliberate ‘‘assanation” of 
all families in which there were tuberculous persons, or individuals 
who reacted to the tuberculin test. In addition to the very encouraging 
therapeutic results which followed, he succeeded in restoring the “pre- 
tuberculous” persons, mostly children with latent tuberculosis, to health 
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and could report, eventually, that the inhabitants of Hela were entirely 
free from tuberculosis (Beitrdge zur Klinik der Tuberkulose, 1914, xxx, 
217. Miinchener Medizinische Wochenschrift, 1915, \xii, 145). 

If this can be accomplished in a small, circumscribed community, 
it is possible elsewhere, even in the face of greater difficulties; the problem 
being merely one of greater scope. In my opinion, the lesson taught us 
by Edward Jenner, almost one hundred and twenty-five years go, 
has not yet been fully taken to heart; nor is it being acted upon to its 
full extent. The struggle against all infectious diseases, more especially 
against tuberculosis, and particularly against latent tuberculosis, never 
can become successful by resorting to makeshifts. It can succeed only 
by heeding the lessons impressed by Nature herself, in the manner in 
which she overcomes infection spontaneously, in those vigorous enough 
to activate and mobilize all resources that are required for the purpose. 


. 
i 
° 


VACCINES IN THE TREATMENT OF TUBERCULOSIS‘ 


ARNOLD MINNIG 


Denver, Colorado 


The treatment of disease by the use of vaccines has received much 
attention from the members of the medical profession for the past few 
years. Nearly every new idea, theory, or practice that attracts public 
attention has to pass through three stages. First, it is enthusiasti- 
cally and often unintelligently praised; then comes a reaction and it 
is just as enthusiastically and just as unintelligently condemned. After 
this, we have sober examination and judgment, a lessening of extrava- 
gant claims and of equally extravagant condemnation; and we settle 
down to a more moderate but far more truthful estimate of our theory. 

Vaccine therapy has been no exception to the general rule, and it has 
had to face these three stages of public opinion. It has already passed 
the first stage, probably the second, and, in some quarters at least, it 
has reached the moderate, conservative, third stage. 

Probably no line of treatment has been so overdone as vaccine ther- 
apy. We may look in any pharmaceutical catalogue and find a very 
large part of the book devoted to shot-gun ‘mixtures of stock vaccines 
for nearly all known diseases. It is reasonable to believe that in a few 
cases there is an element of error. Stock vaccines have the same action 
that any foreign protein has. In these cases we should use the known 
quantity, such as egg albumen or, say, only one organism of the vaccine 
such as typhoid, rather than the unknown or shot-gun stock vaccine. 

Since 1905 vaccines have been used, with varying results, in the treat- 
ment of tuberculosis. Professor Wright (1) wrote convincingly on the 
subject at that time. Wescott (2) also reported very good results. 
Hirschfelder (3) reports favorable results from soluble vaccines of the 
pneumococcus and streptococcus. Bonney (4) restricts the use of 
vaccines ‘‘to patients who fail to show satisfying improvement under 
conservative management” and gives febrile cases as the best indica- 
tion. Smith (5) says that in his series of cases autogenous vaccines 


1 Read before the Denver Sanatorium Association, March 22, 1921. 
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caused decided improvement in temperature, pulse, expectoration and 
weight. 

Before going into the details of the vaccine treatment of tuberculosis, 
I would emphasize that there is a certain class of cases that are not 
suitable for this treatment. 

In the first place, we must accept as a premise that we do not have 
mixed infection without a primary focus. This being true, itis obviously 
hopeless to try to treat such a patient with vaccines when what he needs 
is, perhaps, the extraction of a tooth. I will cite a case in point: 


C. D., age thirty-seven, had been in a sanatorium eleven months. He had 
pulmonary tuberculosis, stage m1, and was an ideal patient. He had a diffusely 
distributed mixed infection with rales almost all over both lungs. His con- 
dition remained stationary during his entire stay at the sanatorium. When 
he came under my care I advised an X-ray of his teeth. At intervals of 
from two weeks to a month I had one tooth extracted (notice that I say only 
one at a time) until six were removed. He had a slight hemorrhage during 
this time, but three months after the last tooth was out he began slowly to 
gain, and at the end of six months there is a marked improvement of every 
symptom. Without the extraction of the teeth nothing would have helped 
this man, but after their removal vaccine treatment was indicated. 


After having dealt with such obvious offenders as teeth, tonsils, 
appendix, tuberculous bowel, infected sinuses, infected gall bladder, 
goitre, or what not, we may feel that the case is suitable for vaccine 
treatment, if examination reveals a fair to considerable amount of mois- 
ture in one or both lungs. It must be remembered that there are types 
of tuberculosis which grow steadily worse, and nothing will stop these 
cases from going on to their fatal termination. However, I have included 
this type of case in my analysis further on, lest my results of the vaccine 
treatment appear too optimistic. j 


REASONS FOR POOR RESULTS IN THE PAST 


I think that the bad results in the past may be attributed to several 
causes. 

In the first place, the idea of giving anything but autogenous vaccines 
is irrational, and results are impossible with stock vaccines in a disease 
like tuberculosis. Weaver (6) in studying the action of the strepto- 
coccus says: 
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Streptococcus vaccines should always be autogenous. The importance of 
this is more apparent as the study of streptococci by more refined methods 
has shown that there are many strains of streptococci which differ among 
themselves in essential immunologic peculiarities. A vaccine prepared from 
one strain might be worthless against an infection by another one. There is 
nothing to say in favor of a polyvalent streptococcus vaccine, supposed to be 
active against all types of streptococci. In multiplying the strains, the 
quantity of each becomes so reduced that the essential one, if present, is in 
such small amount as to be without therapeutic effect. 

Streptococcus vaccines are contraindicated in acute and general infections. 
In these circumstances the body is already exerting all its powers to produce 
antibodies to counteract the infection. The addition of still more bacterial 
toxin results only in harm. In streptococcus septicemias, vaccines are useless. 
In subacute and chronic local streptococcus infections, autogenous vaccines, 
given subcutaneously, sometimes act very favorably. This is especially true 
of infections of mucous surfaces unassociated with accumulations in poorly 
draining cavities. The initial quantity should be small, from 10 to 20 mil- 
lions, and in subsequent injections the amount should be gradually increased. 
Moderate local reaction is desirable, but general symptoms usually indicate 
that the dose given has been too large. The reaction from one injection should 
subside completely before another is given. 


Secondly, the dosage in the past has been too large. We must begin 
with small doses and increase very gradually. It has been my practice 
to start with as low as five to ten millions. 

Third, we must avoid reactions. This can be done by increasing the 
dosage slowly. Bruce says: 


To obtain the best results the dose of vaccine must not produce a consti- 
tutional reaction. When a constitutional reaction is produced there is a 
loss of body weight. The dose should therefore be too small rather than too 
large. 


In the fourth place, the interval must be long enough. I give the 
injections at five to seven day intervals, using the longer interval as the 
dosage becomes larger. Bruce (7) gives his injections at fortnightly 
intervals. 

Lastly, there is no use giving a moribund patient a course of vaccine. 
It is necessary for the patient to have some powers of resistance left 
before he can be expected to react with any antibodies. Hence, in 
acute infections and where there is considerable fever we have a positive 
contraindication to the use of vaccines. The fact of the matter is that 
in these cases vaccines would be like pouring oil on the flames. 


ARNOLD MINNIG 


PERSONAL OBSERVATIONS 


I have made a study of 48 dispensary and 15 private cases, or a total 
of 63, in the past two years. Of these, 42 were males and 21 were 
females. The vaccines were all autogenous and prepared in the usual 
way. Only one organism to a vaccine was preferred but in a few cases 
two were used. We now never use more than one. 

The organisms used were the streptococcus, Streptococcus hemolyt- 
icus, Streptococcus viridans, pneumococcus, pneumostreptococcus, and 
the pneumococcus and streptococcus together. The vaccine was usually 
prepared with five hundred million killed organisms to the cubic centi- 
metre. 

The summary of the vaccines and organisms present is as follows: A 
total of 77 vaccine courses was given to 63 patients. Autogenous 
vaccines were prepared from the streptococcus in 28 instances. These 
were given to 22 patients, of whom 2 took 3 courses, 2 took 2 courses, 
and the rest 1 each. 

The Streptococcus hemolyticus was present in 29 vaccines and given 
to 22 patients. In one patient the course was given 3 times, in 5 twice 
and in the remainder once each. 

. The Streptococcus viridans was present in 3 cases and only one course 
given to each. 

A pneumococcus vaccine was given in 8 cases, only one course being 
given to each patient. 

In 7 cases a pneumostreptococcus was given, only one course being 
given to each patient. 

A vaccine containing the two organisms, pneumococcus and strep- 
tococcus, was given to 7 patients. 

Of the 63 cases 42 were diagnosed as pulmonary tuberculosis, stage 
m1, 12 as stage 1, and 9 as stage 1. As a result this should be a fairly 
good test of vaccine therapy, for most of them, or 66 per cent, were stage 
III cases. 

Tubercle bacilli were present in 41 of the cases and absent in 22. 


RESULTS 


In 24 cases there was a decrease in the amount of sputum, in 6 there 
was no change, and in 16. the sputum increased in quantity. In the 
remaining cases the records are not complete. 
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Nineteen cases are working. This does not mean that they all should 
work, but it may be wilfully, due to financial stress, or because we have 
permitted them to work. 

Twenty-two gained weight. The maximum gain was 32 pounds. 
In this case the tubercle bacillus disappeared from the sputum. 

Twenty became worse, 8 remained stationary, and 32 were considered 
improved both as to subjective symptoms and physical examination. 

Three died: one of influenza, and two of pulmonary tuberculosis. 
These figures may not be complete, as it is very difficult to keep in touch 
with dispensary cases and some deaths may not come to our knowledge. 

Of the 32 who improved, 15 were in stage m1, 10 were in stage 1 and 
8 were in stage 1. Of the remaining 31 who remained stationary, got 
worse or died, 27 were in stage m1, 2 were in stage m and I was in 
stage I. 

BENEFITS OF DIFFERENT ORGANISMS 


Of the 7 cases treated with the pneumostreptococcus, 3 improved 


and 4 became worse or remained stationary. 
Of the cases treated with pneumococcus vaccines, 3 improved and 
5 remained stationary or became worse. 


Of the cases treated by the streptococcus vaccine, 11 improved and 
11 remained stationary or became worse. 
Of those treated by the streptococcus viridans, 2 improved and 1 


remained stationary. 
Of the 22 cases treated by the streptococcus hemolyticus, 15 or 68 
per cent improved and 7 remained stationary or became worse. 


DISCUSSION 


It will be observed, of course, that the most satisfactory results were 
obtained in stages 1 and m1. However, improvement in 15 cases out of 
a total of 42, or 35 per cent of all the stage mz cases, is significant. In 
the whole series in all stages there was improvement in 33 of the 63 
cases or 52 per cent. 

The results with the different vaccines are interesting. 

The most distressing outcome was noted in a case treated with a 
vaccine containing both the pneumococcus and streptococcus. I will 
cite his history in more detail: 


G. T., male, age twenty-seven, musician, native of Indiana; his father and 
mother are living but neither is strong. One brother has active tuberculosis. 
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The patient had influenza and pneumonia in November, 1918, from which he 
did not completely recover. In March, 1919, he expectorated about 3 ounces 
of blood. Since then he has had a persistent cough. In the same month 
tubercle bacilli were found in his sputum. He came to Denver on March 23, 
1920, but could not be induced to go to a sanatorium. On April 5, 1920, 
he came to the dispensary. At that time he weighed 163 pounds. We then 
classed him as stage 1. He was expectorating 2 ounces of yellowish-white 
sputum in twenty-four hours. His pulse was always high, 108 to 120. At 
this time there was no fever. July 16, 1920, his weight: was 154 pounds. 
We then started a vaccine containing 500 million streptococci and 500 million 
pneumococci to the cubic centimetre. At the same time he was also given a 
course of sodium cacodylate. July 8th, one tonsil was removed under local 
anesthesia by Dr. T. E. Beyer. The patient’s tonsils were so bad that it 
seemed advisable to get rid of at least one. He gradually became so much 
worse that he returned home having lost 8 pounds. He was worse in every 
way, sputum increased in quantity, and was running some fever, 


Of course, this man was running down before he came to us, but it 
always impressed me that the vaccine should not have been given with 


both organisms present. 
A few of the patients made most remarkable improvement. One 


dispensary case made an especially good record: 


E. S., age forty-one, rubber tire manufacturer; father died of pneumonia 
mother is seventy-three, living and well. One brother died of tuberculosis, 
one sister living and well. Patient has never had any serious illness. In 1914 
he began to cough and had some pain in the right side of the chest. His 
physician advised him to come to Colorado, and he arrived in Denver shortly 
after. His sputum in 1914 was positive. He felt he had to work, so he 
worked in the rubber tire business until September, 1919, when he was forced 
to stop. He came to the dispensary November 18, 1919. At this time he 
weighed 136 pounds, the sputum was positive for tubercle bacilli, and he was: 
considered a stage m1 case, having rales after cough over the whole right side 
and the apex of the left front and back. We tried rest and the usual regula- 
tions first, but he remained stationary. May, 1920, a course of autogenous 
vaccine was started. The organism was the streptococcus hemolyticus, 1 cc. 
containing 500 million killed organisms. During the course of the vaccine 
the sputum was reduced from 4 ounces at the beginning to one-half ounce at 
the end. Its character changed from yellow to white. Beginning November 
26, 1920, his sputum has been continuously negative for tubercle bacilli and 
has remained so. He has gained 32 pounds and is working. Posteriorly at 
both extreme apices after cough there is still a little moisture. 
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EXPLANATION OF RESULTS 


It is difficult to explain the satisfactory results obtained in the above 
cases, but Bruce’s (7) reasoning seems to me the most logical. He 
explains the action of vaccines on the body by the fact that nature pro- 
duces a specific bacteriolysin, and, if toxins are also included in the in- 
jection, a specific antitoxin. There is also a specific substance produced 
which enables the leucocytes to ingest the bacteria. This substance 
was designated by Wright as opsonin. 

In addition to all these there is a further action, which is not specific 
in character and which is always associated with an increase in the poly- 
morphonuclear leucocytes. This action consists in a raising of the 
general resistive power of the body to any bacterial infection. Bruce 
adds: 


When my colleague, Dr. C. J. Shaw and I, were working at opsonic indices, 
we found that in healthy persons it was possible to raise or depress the index 
to the tubercle bacillus by injecting staphylococcus vaccine. A small dose of 
staphylococcus raised the tuberculous index and a large dose lowered it. The 
same results were obtained when testing the streptococcal indices of maniacal 


patients. 

The fact which most impressed me was that the injections of the vaccine 
apparently stimulated nutrition, as 8 out of 11 cases markedly increased in 
weight. The weight began to increase after the first injection and continued 
to increase for a considerable time after the doses of the vaccine had been 
discontinued; after the stimulating affect had passed off weight was again lost. 

To explain the stimulation of nutrition, therefore, it is necessary to look 
for some action more general than specific action. According to Ehrlich’s 
theory of cell nutrition, there exists in the protoplasm of an active cell a 
nucleus with which the special functions of the cell are associated. This 
nucleus has attached to it a number of atomic groups or side chains, which 
play an important part in the work performed by the cell. These side chains 
readily enter into combination with suitable group atoms presented to them, 
and it is in this way that the nutrition of the cell is maintained. When toxin 
molecules are introduced they also can enter into combination with the side 
chains and for the time being exhaust the supply. As side chains are, how- 
ever, in some way necessary for the life of the cell, the cell is stimulated to 
further production until finally the side chains are produced in excess.- And 
if present in excess they will combine with other suitable group atoms. 

This theory, I believe, explains the improvement in nutrition which in 
some cases follows the use of vaccines. We may take it that, in malnutrition 
which is persistent, the cells are of themselves unable to produce a supply 
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of side chains to carry on healthy nutrition. When toxin molecules in the 
form of vaccines are introduced in suitable quantities the cells are stimulated 
to produce an excess of side chains. 


It seems to me further, that the vaccine must be the most effective 
weapon we have in combating the accompanying bronchitis associated 
with so many of our tuberculous cases: and that the clearing of this 
complication reduces the treatment of pulmonary tuberculosis to its 
simplest form, namely, the disease per se. 


CONCLUSIONS 


1. Autogenous vaccines are indicated in a certain proportion of cases 
of pulmonary tuberculosis. In a series of 63 cases, 32, or 52 per cent, 
improved, and 15 of these were stage II cases. 

2. More than one organism to a vaccine is contraindicated in most 
cases. Stock vaccines are useless. 

3. The organism which gave the best results in the above series of 
cases was the Streptococcus hemolyticus. 

4. Vaccines are contraindicated when there is present some evident 
focus of infection outside the lung. Here the course indicated is to re- 
move the other focus and after a‘month or two start vaccine therapy. 

5. The vaccine treatment is not suitable when there is a coexisting 
acute infection, an acute exacerbation of tuberculosis or persistently high 
temperature. 


REFERENCES 


(1) Wricut, A. E.: Therapeutic inoculation of bacterial vaccines in tuberculosis. Lancet, 
December, 1905. 

(2) Wescott: Autogenous vaccines in the treatment of pulmonary tuberculosis, Colorado 
Medicine, January, 1918, 15. 

(3) HrrscHFELpER, I. H.: The treatment of tuberculosis with a soluble vaccine. Interstate 
Med. Jour., March, 1914, 317. 

(4) Bonney, S. G.: Bacterial vaccines in the treatment of pulmonary tuberculosis. J. A. 
M. A., October 21, 1916, 1223. 

(5) Smita, W. B.: The use of autogenous vaccines in tuberculosis. Southwestern Med., 
September, 1917, 13. 

(6) WravER, G. H.: Antistreptococcus serum and streptococcus vaccines, J. A. M. A., Jan- 
uary 1, 1921, 34. 

(7) Bruce, L. C.: Effect of bacterial vaccines on nutrition. Brit. Med. J., February 19, 
1910, 430. 


} 
4 
: 
| 


REINFECTION IN TUBERCULOSIS 


EXPERIMENTAL ARRESTED TUBERCULOSIS AND SUBSEQUENT 
INFECTIONS 
EDWARD R. BALDWIN anp LEROY U. GARDNER 


From the Saranac Laboratory for the Study of Tuberculosis of the Edward L. Trudeau 
Foundation, Saranac Lake, New York 


PART I: EXPERIMENTAL REINFECTION 


THE PROBLEM 


The observant student of the history of tuberculosis will be inclined 
to reflect that the problems concerning it have a way of recurring. After 
a solution has been found that seems to satisfy most if not all of the 
known facts, a new angle appears, or a related fact unconsidered at 
first opens the subject anew. 

For fifty years the problem of infection has formed a conspicuous 
illustration of this recurrence, one of the veritable tangles among our 
medical mysteries. It has apparently been unravelled every ten years 
since Villemin’s demonstration of the infectiousness of tuberculous 
tissue was generally acknowledged. 

First was the discovery of the bacillus, then its transmission by dust 
as shown by Cornet in 1890, by moist droplets by Fliigge and his pupils 
in 1900, by early childhood infection from milk by von Behring and the 
conflict aroused by Koch’s denial of its import. 

Another decade was devoted to an unprecedented research into the 
relationship between human and bovine tuberculosis and by 1910 the 
British Royal Commission and the German Imperial Commission had 
practically settled the question of danger from milk. Meanwhile the 
researches by Park and Krumwiede (1) in New York, Griffith (2) in Lon- 
don, Lydia Rabinowitsch (3) and Médllers (4) in the Koch Institute, 
have brought together an average of ten per cent of deaths from bovine 
infections in all cases, and these practically limited to children under 
fifteen years. 

Simultaneously the tuberculin reactions were being widely used in 
diagnosis and often mistaken interpretations were made of an active 
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tuberculosis. Lastly, the extraordinary development of the X-ray in 
the diagnosis of tuberculosis, especially of concealed pulmonary and 
healed disease, has contributed in no small degree to the reopening of 
the problem of infection. 

The questions that have been before us during the past decade relate 
not only to the old problems of heredity, disposition and the channels 
by which the bacillus enters the human body, but also to the frequency 
of infection, quantity and type of bacilli, their virulence and transforma- 
tions or adaptations when originating from bovine or other sources than 
human. 

Having before us the results of painstaking observations on all these 
topics, we have been confronted with some contradictions. 

On the one hand there is the certainty that the tubercle bacillus 
produces dangerous and progressively fatal disease in individuals of all 
ages and races and of quite vigorous constitutions. 

On the other hand it causes a primary infection often, and then ceases 
to multiply and spread; indeed, many times multiple foci are formed 
which heal and persist, or ultimately disappear from individuals of even 
frail constitutions. 

Some workers would explain all paradoxes in tuberculous infection 
on an immunological basis, but on careful examination we must concede 
many other elements in the matter. 

It has seemed to us that the frequency of infection is one of the most 
important of modern problems in tuberculosis, and to it we have 
devoted our efforts in the experiments herein described. 

By frequency of infection we mean the actual number of implanta- 
tions of tubercle bacilli received into the body from outside sources; 
not the metastatic spread of a preéxisting focus of tuberculosis: in 
short, exogenous reinfection as distinguished from endogenous spread | 
by any or all ways, internal or external, but originating in the individual 
himself. 


POSSIBILITY OF EXPERIMENTAL RESULTS OF VALUE: EXPERIENCES WITH 
CATTLE AND NATURAL INFECTION 


It may be questioned whether any attempt to imitate the natural 
conditions of infection in human beings can be successful. It should 
not be expected. The most that one could do with the present facilities 
in our laboratories would be to gain suggestions as to the general princi- 
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ples governing the facts thus far observed. It is true that cattle offer 
much evidence in this field under natural conditions. If it were possible 
to control infected cattle over a long period of years without chance of 
reinfection, the experiment would be yet more valuable. Unfortunately, 
under natural conditions in dairies, and largely because of pregnancies, 
infected cows develop progressive disease which usually leads to 
ulceration. 

Even under exposure to exogenous infection it is known that many 
cattle slaughtered after tuberculin reactions reveal only primary foci 
of tuberculosis in the lymph glands, and are thus without evidence of 
secondary invasions. 

It is, nevertheless, the opinion of authorities in veterinary science 
(Theobald Smith (5)), that reinfections of the lungs may occur in cows 
already infected elsewhere in their lymph nodes. This accounts for 
some instances of chronic ulcerative phthisis in cows, much resembling 
the human form and occurring chiefly in older cows subjected to many 
pregnancies and prolonged lactation in badly infected stalls. 

This would seem to answer at once the question of the possibility of 
adult reinfection in tissues already subjected to the influence of tubercle 
bacilli. Moreover, there is nothing to show that adult cattle under 
exposure to infection for the first time possess any greater protecting 
factors than calves. They readily acquire a primary infection aie 
as in man it may be quickly made inactive. 

The experience already obtained with bovine vaccination against 
tuberculosis indicates a definite protective action for a year or two after 
the protective inoculation; then infection takes place as in unprotected 
calves. So far as these experiments relate to healed tubercles and 
encysted bacilli in calves, the significance appears clear that bovine 
tuberculosis can be acquired without arousing any latent reacting power 
due to the remains of the previous inoculations of human bacilli. After 
the period above mentioned has transpired it is known that vaccinated 
calves no longer react to tuberculin unless they have acquired a bovine 
infection, or the original vaccine was sufficiently virulent to leave behind 
a focus or foci still containing living bacilli. 

In natural infection of human beings quite analogous conditions 
may be assumed: some foci are wholly obsolete and others still preserve 
reacting power. We cannot, however, remain content with observa- 
tions on cattle. 
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Epidemiologic as well as clinical study presents a different picture 
of human tuberculosis, and the contrast between infection and disease 
in different races is much greater. Again, the proportion of infected 
adults is very great as compared with those who become actually dis- 
eased. There are no other animals which are available for the study 
of reinfection under natural conditions, although, theoretically, monkeys 
would be well adapted.! 

Sheep, swine and rabbits are fairly resistant to human tuberculosis 
and rather too susceptible to bovine bacilli for primary infection to 
remain localized or come to a standstill. . 

Hence there would be the difficulty of determining the lesions of 
exogenous reinfection, or distinguishing them from metastases of the 
primary infection. 

Under these circumstances, and after consideration of the difficulties, 
we decided to use guinea pigs primarily infected by inhalation of a human 
type bacillus of low virulence. 

Spontaneous natural infection in guinea pigs is exceedingly rare in 
ordinary laboratory stock, and yet precautions in experiments of this 
kind need to be taken to avoid danger of such animals being included. 
Likewise, all chances of natural reinfection must be guarded against. 

The most important point of all is the possibility of a spontaneous 
arrest of guinea pig tuberculosis. Skepticism on this matter would be 
natural; however, from certain past observations that we ourselves have 
made with subcutaneous inoculations of the human type of bacilli of 
low virulence and in small numbers, animals have appeared under 
favorable conditions to overcome the disease entirely. Only fibrous 
encapsulated lesions were found when, after several years of good health, 
the animals were killed or died of intercurrent disease. 

Similar observations have been recorded by Rémer (6) and also by: 
Webb and Williams (7). Inasmuch as the natural lifetime of guinea 
pigs in captivity is barely three years, the proof of arrested tuberculosis 
can only be considered valid when the animals are inoculated during the 
first year of their life. 

Another question relates to the pathway of infection. Traumatic 
inoculations of any kind seemed undesirable except to obtain uniform 


1In this connection it is of interest to note that the French government has quite recently 
granted an island on the coast of French Guinea for the use of the Pasteur Institute for experi- 
ments on chimpanzees and apes. Prof. Calmette will undertake researches there on infection 
and immunity under ideal natural conditions. 


4 
4 
{ 


REINFECTION IN TUBERCULOSIS 433 


dosage. Feeding infection requires large doses of bacilli and is uncer- 
tain, but inhalation avoids these objections and more nearly imitates 
natural infection. 


REVIEW AND DISCUSSION OF PREVIOUS REINFECTION EXPERIMENTS 


A comprehensive treatment of this subject would necessarily include 
nearly all the animal and human experiments where more than one 
inoculation was administered. 

It would include all the attempts to test the immunity of animals 
vaccinated against tuberculosis where the vaccine used was a living 
virus capable of producing actual foci of disease, however slight. The 
majority of such experiments have been carried out on calves, but we 
also have records of some inoculations of human subjects and many 
upon the smaller animals. Apart from some unsuccessful attempts at 
human inoculation in the earlier history of tuberculosis, by Kortum and 
Lepelletier (8), the classical incident of the accidental inoculation of 
Laennec (9) on a finger from a saw cut while performing an autopsy is 
possibly the first authentic record of reinfection; for, being twenty-four 
years old at the time, he was presumably already infected elsewhere in 
the body. He died twenty-one years later of pulmonary tuberculosis, 
supposedly the result of the finger infection. This may be doubted 
from the views prevailing at present. Surely many such infections take 
place on the hands of pathologists without further harm although it is 
admittedly possible for them to spread. 

Whether Tappeiner’s (10) animal caretaker who became fatally ill 
from tuberculosis following exposure to sprayed sputum was an instance 
of exogenous reinfection we can only surmise. If so, it constitutes 
one of the few instances of laboratory workers whose infection could be 
undoubtedly traceable to carelessness and massive dosage by inhalation. 

Most of the experiments of early date were made by subcutaneous 
inoculations and for the purpose of treatment or preventive inoculation 
(vaccination) against the disease. Charrin (11), for example, by reinocu- 
lating an already tuberculous animal, found that it gave a bad lesion. 

Cavagnis (12) gave rabbits daily inoculations of a 0.1 per cent sputum 
suspension in increasing doses for twenty-seven days after the method 
of Pasteur. The results were of no importance, as abscesses were the 
chief effects. 
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H. Martin (13) used tubercle bacilli heated to 51.5° C. from one to 
five hours for a vaccine. The results were barren of protection on 
subsequent virulent infection; presumably the first inoculations were 
with dead bacilli. 

Living cultures attenuated in virulence were tried upon guinea pigs 
by Dixon (14) early in the nineties, when Koch (15) was engaged in his 
classic experiments on reinoculation which led to the introduction of 
tuberculin. But even earlier Koch had noted in his first work on the 
etiology of tuberculosis (1889) while inoculating dogs in the peritoneum 
that one survived a primary inoculation, although it succumbed to a 
double dose five months later. 

The secondary subcutaneous inoculation of tuberculous guinea pigs 
gave such a striking contrast to the first that Koch was led to follow the 
inflammatory effect closely, and noted the stages from the beginning of 
necrosis to the sloughing and healing without effect on the regional 
glands. This has since been known as the ‘‘Koch phenomenon.” 
Arloing (16) and others did not succeed in confirming Koch’s observations 
by similar attempts at reinoculation; their animals became worse and the 
second infection spread. Straus (17) had quite the same experience as 
Arloing. 

Grancher and Ledoux-Lebard (18), and Hericourt and Richet (19) 
had published attempts in 1891 to vaccinate rabbits and dogs with avian 
bacilli. 

Simultaneously Trudeau (20) succeeded in showing a markedly favor- 
able influence on tuberculosis by reinoculation into the eyes of rabbits. 
They were first inoculated with living avian bacilli. Later he found 
that guinea pigs could be apparently protected against reinfection by . 
the use of a low-virulent human bacillus for primary infection. De 
Schweinitz (21), using the same culture, had already noted this. Soon 
afterward, McFaydean (22), Pearson and Gilliland (23), von Behring 
and Rémer (24), Theobald Smith (25), Calmette (26), and many others 
began the experiments on cattle immunization which were carried on so 
extensively between 1900 and 1910. The features of these experiments 
that interest us in connection with our study are the use of low-virulent 
human or bovine bacilli for primary inoculations and the subsequent 
fate of the animals exposed to natural or artificial infection, especially 
by inhalation and feeding. 

The majority of these experiments were made with more or less viru- 
lent human bacilli which were inoculated subcutaneously or intraven- 


REINFECTION IN TUBERCULOSIS 435 


ously (von Baumgarten (27), Hutyra (28), Finzi (29)), and later 
reinoculated with bovine cultures or diseased tissue in the same way. 

But few final reports of the postmortem findings have been published. 
Some feeding tests and inhalations were made and many animals were 
exposed to natural infection in stalls during the extensive trial of von 
Behring’s Bovovaccine as a preventive. Hutyra (28) published some 
artificial feeding experiments in which reinfection through the digestive 
tract took place but with much less severity than in the controls. He 
also reported two inhalation experiments where the vaccinated calves 
escaped. 

Weber and Titze (30) reinfected four calves by inhalation four and 
five months after vaccination and found only partly healed lymph nodes, 
chiefly bronchial and mediastinal, when the animals were killed seven 
to eight months later. The lung parenchyma was free from tuberculosis 
but two control animals showed extensive pulmonary tuberculosis. 
Under stall infection, one out of three calves remained free from disease, 
while the other two had less than the controls, and chiefly in the sub- 
maxillary glands. Their feeding experiments were, however, not so 
favorable, nor were their natural stall infections much better; for the 
“immunized” calves developed secondary bovine infection with one 
exception—but of course under extreme conditions of exposure. 

The experiments of Calmette and Guérin (31), begun in 1912 and 
reported in 1920, are more promising for the future application of 
preventive inoculation. 

They used their bovine culture of attenuated virulence by intravenous 
inoculations on 6 heifers, nine to ten months old, and exposed them for 
three years to natural infection under extremely unfavorable conditions. 
Of 4 controls, 3 became infected. ‘Two out of 3 once vaccinated animals 
showed some lesions when slaughtered; 1 of the twice vaccinated and 
2 of the thrice vaccinated showed no evidence of disease. 

Two noteworthy facts must be considered in these reinfected calves: 
first, they were immature, being only four to eight months old when 
exposed to reinfection; second, a single subcutaneous, intravenous, 
ingestion, or inhalation test with virulent bovine bacilli might be resisted, 
while prolonged—three months to three years—exposure to badly 
infected stalls resulted in gradually repeated infection, notwithstanding 
an undoubtedly relatively higher resistance than the controls. 

Immature animals may be compared to young children in their ease 
of infection, whereas full grown individuals have better developed physio- 
logic defenses in the respiratory and digestive tracts. 
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INOCULATION OF HUMAN SUBJECTS 


As already noted, it is well known that many skin inoculations on 
human beings fail to spread and even purposeful inoculations have 
been made both subcutaneously and intravenously without harm. 

Baumgarten (32) is the authority for the report of an unnamed experi- 
mentef who inoculated cancer patients with bovine tubercle bacilli. 
Only local effects were produced. Later F. Klemperer (33) tried the 
same experiments on himself without experiencing harm, and thinking 
that bovine bacilli might favorably influence human tuberculosis he 
treated four patients with such inoculations. In all he gave thirty-nine 
subcutaneous injections of living bacilli. Local tuberculousnodules 
were produced under the skin and, in the larger doses, cold abscesses 
(four times). None of the patients was harmed and all subjectively 
improved. Garnault (34) is also said to have injected virulent bovine 
bacilli into his own forearm with no harmful result. In 1902 Alfred 
Miller (35) was inoculated intravenously with a small dose of living 
human bacilli. There was no fever reaction, and except that he lost 
fifteen pounds during the succeeding three months he suffered no ill 
effects. 

Intravenous inoculations of bovine bacilli in man, without resulting 
harm, are also reported by Calmette (36). The culture was one of 
attenuated virulence and produced no infection in either calves or human 
beings. 

The accidental inhalation without harm of millions of dry virulent 
bacilli by Hans Much and his coworkers in his laboratory is reported 
by Ritter and Vehling (37). It is a difficult matter to avoid such acci- 
dents in research laboratories where dry material is manipulated, yet to 
our knowledge no authentic instance of their causing pulmonary tubercu- 
losis has been reported. 

In considering these self-inoculations it must be borne in mind that 
they were made on adults who doubtless had already been infected in 
childhood. Insubcutaneous inoculations with very small doses of living 
human tubercle bacilli Webb and Gilbert (38) found that less than ten 
bacilli could infect a child previously negative to a Pirquet test.? 


?It is of interest to recall the intravenous injections of tuberculin residue, known as T.R., 
which was made from living virulent human cultures, dried and pulverized. In the first 
preparations living bacilli were present and doubtless frequently injected without adding 
perceptibly to the tuberculosis already present in the patients. 
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Whatever application these experiments may have, it should be realized 
that infection and the relative immunity which can be demonstrated so 
clearly on animals has also had a practical demonstration on human 
subjects. 

INTRAVASCULAR REINFECTION 


The majority of experiments that have exhibited the phenomenon 
of immunity from infection in the most striking form have been done 
by direct inoculation into the blood stream. 

The early attempts of von Behring (24) with calves were made in this 
way; likewise those of Trudeau (39) with rabbits. When both primary 
and secondary inoculations were thus given, the now familiar acute reac- 
tion was produced with pulmonary congestion and remarkable disappear- 
ance of the reinoculated bacilli after a period of from ten to twenty days. 
Romer and Joseph (40) made a special study of these reactions on sheep 
reinoculated by the vascular route. Violent febrile reaction and severe 
prostration followed, from which the animals recovered in three weeks. 
Pieces of lung taken from the surviving animals ten months later, when 
they were killed for comparison, were found innocuous for guinea pigs. 
Had the hilum glands been inoculated it may be presumed that positive 
results would have followed, because a few bacilli usually escape 
destruction. 

Reinfections by the intravenous route were performed by Selter (41) 
with small doses of bacilli only one month after primary infection. The 
outcome was unfavorable, since no difference was seen between thecon- 
trols and reinfected animals with respect to the pulmonary tubercles. 
Recently Debré and Paraf (42) tried intracardiac reinfections after 
primary subcutaneous infections. The reaction was strong for three 
to five days except in a few which failed to react differently from the 
controls. They lost weight, but regained it, and later developed chronic 
tuberculosis. The controls suffered the usual course of the disease. 

Della Cella (43) used intravenous primary inoculations of virulent 
bacilli in very small doses, thereby producing a disease with a mild 
course. He reinoculated subcutaneously 10 guinea pigs after twenty 
days and afterward every fifteen days,—some a second or third time. 
Each time he produced the inflammatory reaction with rapid sloughing 
and healing as described by Koch. The bacilli were not found in the 
indurated skin. 

The lesson of the bacillemia from reinfection by the blood stream is 
evident: the bacilli disappear and are destroyed for the most part. 
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SKIN INOCULATION EXPERIMENTS 


Paul Rémer and Joseph (44) and Hamburger (45) were the first to 
carefully study the question of reinfection from an experimental stand- 
point and to apply it to the epidemiology of tuberculosis. 

The phenomenon of Koch formed the basis of R6mer’s first experi- 
ments; therefore he tried to reinfect guinea pigs already inoculated with 
weak human type bacilli in the form of von Behring’s Bovovaccine. 
He first used bovine bacilli by subcutaneous, intraperitoneal, cutaneous 
and intracutaneous inoculations. With few exceptions they resisted 
the second infection. He concluded after some measured doses that an 
amount below 1000 bacilli was well resisted in the skin, but occasionally 
infection was produced by more. 

The guinea pigs also resisted infection from tuberculous tissue removed 
from and reinoculated into the same animal. 

While many inoculated bacilli disappeared from the skin, there were 
a few left sufficient to infect another animal. When the test was made 
by excising the skin, although they were encysted and harmless in the 
first animal, the bacilli were capable of infecting a healthy subject. 
Webb and Williams (46) injected increasing numbers of human bacilli 
subcutaneously into guinea pigs.without infecting them. 

F. Hamburger (45) also found a relative immunity to skin inoculation 
produced by scratching bacilli into the skin of tuberculous guinea pigs. 
He used small amounts, as he found that the immunity was not absolute. 
Later Griiner and Hamburger (47) tried a series of subcutaneous reinocu- 
lations beginning four, six, eight and ten days after primary infections. 
After six days the reaction to reinfection was distinct, even before any 
noticeable evidence of change took place at the site of the primary 
inoculation. 

Levy (48) first infected guinea pigs subcutaneously with bacilli weak- - 
ened by 80 per cent glycerol, which then gave a chronic disease. On 
reinfecting them in the same manner with virulent bacilli he subse- 
quently noted cavities in their lungs similar to human phthisis. 

Kraus and Volk (49) scarified the skin of apes already infected with 
human or bovine bacilliin the same way. They discovered that the apes 
were immune to reinoculation in this way, but if they used an avirulent 
strain for the primary inoculation, no immunity existed. This was 
likewise true if avian bacilli were first inoculated, as had already been 
found in calves. 
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F. Arloing and Dufour (50) found that guinea pigs could be reinfected 
subcutaneously up to the twentieth day after primary inoculation; 
afterward they were immune. ‘The more virulent the firstinfection the 
sooner the immunity developed. 

Kleinhaus (51) reinoculated guinea pigs subcutaneously on the genita- 
lia, having inoculated them under the jaws eight to fourteen days pre- 
viously. No infection followed although half of the animals showed 
slight swelling of the inguinal glands. 

Bruyant (52) tried repeated inoculations with 5 to 10 bovine bacilli 
under the skin on 20 guinea pigs every twodays. All became infected 
as with a single dose. 

Léwenstein (53) reinoculated guinea pigs previously infected by 
intraperitoneal and intratracheal inoculations. He found a marked 
resistance to intracutaneous and subcutaneous reinfection. 

Chaussée (54) repeated Rémer’s experiments but considered immunity 
incomplete in guinea pigs. He noted the greater destruction of bacilli 
and the lessened tendency to caseation in secondary foci developing 
from the first inoculation. 

Rist, Kindberg and Rolland (55) repeated Rémer’s intracutaneous 
experiments with 32 guinea pigs with the following results: (1) 17 showed 
the Koch phenomenon; (2) in 4 a chancroid-like ulcer was found at the 
site of the inoculation; (3) in 11 a lesion resulted similar to the primary 
inoculation which progressed but was slightly accelerated in develop- 
ment. They did not employ a uniform primary inoculation method. 

Siebert (56) also repeated Rémer’s experiments with bovine bacilli 
reinoculated subcutaneously from one. to four months after a primary 
infection of low virulence. He concluded that a weak infection gave 
more or less protection against more severe infection, that the degree 
of protection depends on the kind of first inoculation and amount of the 
second, and that in the lungs of reinoculated animals, after severe infec- 
tion, cavities appear which are not seen in the control animals. 

Krause and Peters (57) more recently have studied very carefully the 
successive stages of intracutaneous infection and reinfection. The 
salient features are: (1) the immediate inflammatory reaction which is 
not tubercular in character; (2) the accelerated development of nodular 
tubercle composed of epithelioid and fixed tissue cells as seen in ordinary 
tubercles; (3) the abortive development of lesions in these animals due 
to their sensitization; and (4) the retrogression and healing of these 
quickly formed foci. 
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Krause and Willis (58) have also found a perceptible alteration of the 
lesion when the reinoculation was made in tuberculin-reacting skin 
areas, the immunity being reduced. 

The cutaneous and, to some extent, the subcutaneous experiments 
demonstrate very well the usual course of events on reinoculation. The 
accelerated or inflammatory response is uniformly found in animals 
which have had primary inoculations of living human or bovine type 
bacilli. The course of the reaction depends upon the time, the dose of 
bacilli, and the severity of the first infection. The virulence of the 
reinoculated bacilli does not always seem of moment when the dosage 
is small; in general, it requires many more bacilli to cause the spread of 
a second infection than of the first, unless they follow very closely. 

The time when a reinoculation is followed by an inflammatory reaction 
is simultaneous with the onset of skin sensitiveness to tuberculin. This 
varies from six days to two and one-half months after artificial and 
natural infection, as found by Rémer (59) and Hamburger (60). 

The decidedly far reaching application of the principle of autoimmu- 
nity derived from these reinoculation experiments by Rémer, in relation 
to the dangers of reinfectionfrom contact with tuberculous persons, 
brought about a change in our viewpoint as to the reason forsuscepti- 
bility to infection and the opposite condition, a relative immunity. 
It needed more study, however, and a profounder knowledge of the 
pathology of the phenomenon. 


REINOCULATION OF SEROUS CAVITIES 


The question naturally arose whether the skin had special properties 
of resistance not possessed by other tissues. Rémer and Joseph (61) 
reinoculated a few tuberculous guinea pigs intraperitoneally with bovine 
bacilli which, with one exception, were well resisted. ; 

Kraus and Hofer (62) studied the ‘‘ Pfeiffer phenomenon” of intraperi- 
toneal lysis of tubercle bacilli in tuberculous animals and found that 
they disappeared in large numbers. 

Manwaring and Bronfenbrenner (63) made a valuable study of the 
lysis of tubercle bacilli on various animals. They first used subcutaneous 
inoculations of virulent human bacilli on guinea pigs, white rats, rabbits, 
dogs and two monkeys. Intraperitoneal reinoculation was followed by 
the rapid formation of fluid exudate in guinea pigs and disappearance of 
bacilli to one per cent of the quantity inoculated during the first hours, 
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and the remainder were adherent to the omentum. In the control 
animals fifty per cent of the bacilli remained and were well scattered. 
After four or five weeks they found most of the peritoneal surface of the 
reinoculated animals free from tubercles, while the controls were stud- 
ded. They also found that fewer bacilli were destroyed where the culture 
was fresh and virulent. Many degenerated forms of bacilli were found 
which stained as Much granules. They further produced lysis im vitro 
with isolated pieces of intestine. The other animals, with the exception 
of the monkeys, displayed this phenomenon with less uniformity but all 
to some extent. 

Rist, Kindberg and Rolland (64) reinoculated guinea pigs in the 
peritoneum and described severe reactions following the injections, 
from which the animals recovered after four or five hours. The bacilli 
were destroyed and tuberculous peritonitis did not ensue. The exudate, 
however, was capable of arousing a rapid peritonitis if injected into 
healthy pigs. 

Paterson (65) reinoculated a series of guinea pigs in the pleural cavity, 
the primary infection being given subcutaneously in the groin and with 
a low-virulent human strain of bacilli The result varied with the dose 
of reinoculated virulent bacilli; a prompt effusion followed the larger 
doses (0.001 gm. to 0.0001 gm.), but only a few drops accumulated with 
0.000,001 to 0.000,000,1 gm. The bacilli disappeared as in the peritoneal 
experiments, and those remaining appeared chiefly in the pleurae, embed- 
edin fibrin. The fluid was virulent for healthy pigs, although bacilli 
were not found in some exudates taken at different periods. The adher- 
ent pleurae gradually cleared as the fibrin was absorbed and the disease 
_spread to the lungs in a chronic form, whereas the controls developed 
rapid disease of both the pleurae and other organs, and in some instances 
late effusions. 

REINOCULATION OF ORGANS 


Shieck (66) found in rabbits that inoculation in the anterior chamber 
of one eye conferred a marked protection on the other. Krusius (67) 
reinoculated opposite eyes after thirty-seven days when the first eye 
was Clinically diseased, and saw no tubercles up to thirty-six days: 
isolated foci were seen after sixty days by microscopicexamination. 

Rist and Kindberg (68) obtained evidence of an allergic reaction in 
the kidneys of tuberculous dogs by intravenous inoculation. 


’The same used in our experiments. See page 445. 
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Soper (69) reinoculated rabbits with bovine bacilli into the mesenteric 
veins, and produced secondary reactions in the liver. He concluded 
that the liver of a tuberculous rabbit had a very great degree of immunity 
to secondary inoculation, and the course of the reaction was identical 
with that produced in the lung. The tubercles largely disappeared in 
fifty to eighty-five days, although the animals killed up to seventeen days 
seemed to have much more disease in the liver than the controls. From 
the seventeenth to the twenty-sixth days rapid absorption took place. 


PULMONARY REINOCULATION 


Intratracheal primary and secondary injections, to produceinfection 
in guinea pigs, were performed by Bezancon, Brunel and Serbonnes 
(70). They employed large doses of human bacilli and animals pre- 
viously used for subcutaneous reinoculation experiments which had 
already shown the Koch phenomenon. The animals had severe dyspnea 
for the first four to seven days. The controls ordinarily died eleven to 
thirty-two days after such injections, whereas the allergic animals died 
very early (second to fifth days) or survived from one to two months. 
The authors contrast the primary lesions with those from the reinfection, 
by noting caseous bronchopneumonia in the first lesions while it was 
absent from the second after the allergic inflammation was absorbed. 
Few bacilli were found at first. Later they appeared to increase in the 
old lesions. The authors note that there is a direct infection of old 
tuberculous tissue in their experiments. 

The foregoing review records the effects to be expected from traumatic 
reinoculation. 


NATURAL REINFECTION BY FEEDING AND INHALATION 


Our special interest is directed to the results of the natural and probably 
the most frequent ways of infection, by the respiratory tract. 

The observations on calves have already been alluded to (pages 434 
and 435). Rémer (71) exposed old, practically healed tuberculous and 
healthy guinea pigs in the same cages with others which had external 
skin ulcers. 

Out of 3 controls, 2 became infected, but none of the 4 arrested tubercu- 
lous animals acquired a second infection. These experiments were twice 
repeated, some of the animals receiving primary peritoneal infection. 
All the controls were infected in the course of six to ten months, but the 
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previously infected animals were not. It is assumed that most of the 
controls were infected by licking the ulcers of the diseased, as is their 
wont. 

Hamburger and Toyofuku (72) tried inhalations of dry room dust 
mixed with cultures of human tubercle bacilli, on guinea pigs which had 
been inoculated subcutaneously from fourteen to fifty-five days pre- 
viously. They exposed 3 pigs three minutes and on examination of the 
lungs found so few tubercles as compared with the controls that they 
concluded that these could be ascribed to the primary infection. 

Grysez (73) infected guinea pigs subcutaneously with bovine bacilli 
and after a month, when the disease had reached as far as the spleen, 
he gave them inhalations of bovine bacilli, and found less disease than 
in the controls and prolongation of life in some. 

The most extensive and important work on reinfection was published 
in 1916 by Selter (41) while our early experiments were in progress. 
He employed large doses of virulent human bacilli by inhalation, after 
attempting by dilution and counting to determine the minimal infecting 
dose. Inhis preliminary experiments he tried intravenous, subcutaneous 
and intraperitoneal inoculations, but concluded that, for guinea pigs, 
inhalation formed a sure method of infection, even in numbers down to 
five tubercle bacilli. 

He expressed the opinion (at which we have independently arrived) 
that a single living, virulent bacillus is capable of infecting a guinea 
Pig if it gains access to the tissues of the body. 

He was successful in infecting with 2 bacilli (2 out of 3 animals) 
subcutaneously. 

The age of the culture was important as a four weeks’ growth con- 
tained many more living bacilli than the eight weeks’ broth culture. 
The dose of 100 inhaled bacilli (of four weeks’ growth) was fatal on 
the average in eight to nine weeks, very much the same period as in 
subcutaneous inoculation. 

In the determination of disease Selter used the intracutaneous tuber- 
culin test and, after section of the animal, the weight of the spleen. No 
histologic study of tissues is mentioned. 

The experiments with primary and secondary infection by inhalation 
are the important ones, but they are few in number. One thousand 
bacilli from an eight weeks’ culture were inhaled for the primary infec- 
tion. The secondary infection was made from a four weeks’ culture in 
doses of 10,000 to 10,000,000, two and one-half months later, together 
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with healthy controls. They all became infected. Other animals 
infected in the same way with from 100 to 1000 bacilli were reinoculated 
intraperitoneally, subcutaneously and intravenously with large doses. 
No immunity appeared. Selter found that the disease in the reinfected 
animals behaved very much like primary tuberculosis; that they did 
not show indications of immunity except in the subcutaneous inocula- 
tion area; that the primary disease did not become virulent because of 
reinfection, and that in general from one to two and one-half months 
after a weak infection he obtained little or no confirmation of Rémer’s 
experiments. 

He admitted that a longer period was required to permit the first 
infection to come to a complete standstill, and he failed to use the tuber- 
culin test before reinoculation to determine this point satisfactorily. 

The virulence and dosage of the bacilli were evidently too strong for 
guinea pigs, and the result could hardly have been otherwise than unfav- 
orable in showing immunity from infection, since it was progressive from 
the first. 

PLAN OF INHALATION REINFECTION EXPERIMENTS 


It was our plan to produce if possible a completely arrested tubercu- 
losis before attempting reinfection. 

This point seemed important, and indeed necessary, if we should be 
able to prove exogenous reinfection. 

We know from a study of tuberculosis in the guinea pig how uni- 
formly the tracheobronchial nodes become diseased from whatever 
avenue the tubercle bacillus enters. In our experience ordinary human 
tubercle bacilli seldom fail to grow in the animals, however slowly the 
disease may appear to progress. Often a very sleek, well nourished 
animal appears to have recovered after six to eight months, only to 
emaciate gradually, lose his perirenal fat, develop dyspnea from gradual 
consolidation of the lungs, and finally die from the disease or some 
complication. 

There are cultures, however, of both human and bovine origin, that 
by artificial cultivation have acquired low pathogenicity for guinea 
pigs. Such have been described by several workers in tuberculosis, 
notably Trudeau (74) and Calmette (75).! 


‘These types are not to be classed with bacilli passed through cold blooded animals and 
alleged to be transformed thereby (Klimmer (77), Friedmann (78) et al.). No proof has 
been brought that these were derived from human bacilli; they are undoubtedly simply 
saphrophytic acidfast bacilli commonly found in batrachians. 
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Having had a long experience with the culture isolated by Trudeau 
in 1891, which has been extensively used in this country in immunity 
experiments, it was natural that we should employ it in these experiments. 
Krause (76) has given a good history of it in a recent article in this 
journal, in which the statement is made that the inoculation of R1 
results in a limited disease of the lymph nodes, seldom or never becoming 
generalized. We shall note (pages 454 and 455) in the inhalation disease 
that a few animals ultimately develop chronic generalized tuberculosis, 
though practically all escape without lesions extending beyond the lungs 
and tracheobronchial glands. The exceptions led us to suspect thatan 
accidental mixture with a virulent strain of bacilli had been inoculated 
into these animals. 

As will be noted on page 458 we were unable by passage experiments 
to confirm this idea, but concluded that R1 was not invariably weak in 
infectivity. 

It must be confessed that guinea pigs confined for many months in 
cages were good subjects for spontaneous infection, yet none such 
were recognized in our experiments. 

We feared to use young animals for this work lest even the weakest 
bacilli might have too strong an invasive power, and therefore chose 
nearly full grown guinea pigs weighing from 300 to 500 grams and from 
eight to twelve months old. 

To obviate so far as possible the danger of introducing spontaneously 
infected animals we gave all animals at the start an intracutaneous test 
of 0.02 cc. of old tuberculin in 0.1 cc. injection. 

Males were used for the most part, as they are stronger and compli- 
cating pregnancies were not desired. 

Half of the animals of our first series were kept as uninoculated con- 
trols in cages alongside the others. 

Objection to the value of the intracutaneous test when resulting neg- 
atively in the guinea pigs is of course readily admitted; it cannot possibly 
exclude infection any more than in human subjects, but it was deemed 
the best index in our possession during the life of the animal. The 
presence of a small focus of inactive disease is not certain to be revealed, 
yet seldom could there be such an inactive focus in spontaneous infection 
of the susceptible guinea pig. 
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DOSAGE OF BACILLI: DUST INHALATION METHODS 


Mention has been made of the intention in these experiments to 
approach as nearly as possible natural conditions of infection. To 
this end we tried both dried and moist bacilli, and at first we made 
use of various contrivances to give a small dose of finely powdered bacilli. 
To avoid clumps of several hundred bacilli, which become agglutinated 
in drying, they were rubbed in a glass mortar and blown from the bottom 
of a tall (one metre) glass cylinder by a compressed air blast. The outlet 
tube at the top was plugged with glass wool. Only the slightest parti- 
cles were carried over, yet many clumps were found on stained slides 
placed in the inhaling chamber. A long spiral of glass tubing partially 
plugged with glass wool was then interposed between the cylinder and 
the delivery tube. This gave little if any better results. The counts 
of bacilli showed clumps of ten to fifty, besides numbers of smaller 
clumps. Other details of these inhalations are given in the notes of the 
first series. We later abandoned the dry method for the moist vapor, 
and as will be shown, more uniform infections were then obtained. 

In Nenninger’s (79) inhalation experiments with dried Bacillus Mega- 
therii, to show how deeply bacteria penetrated into the normal lungs, 
he secured rather fewer colonies than from moist spray inhalations. 
He thought this due to the larger particles catching in the upper air 
passages. 

Owing to the low virulence of R1 broth cultures that we used, the 
actual dosage was felt to be of less importance than uniform infections, 
and these seemed to be impossible to obtain by the use of dry material. 

Nevertheless, we determined to use both methods for infection, and 
a sufficient number of animals to neutralize any minor differences. 

Experience has shown that simultaneous infection may take place 
from inhaled and swallowed bacilli, particularly when the bacilli enter 
through the open mouth. We sought to minimize this possibility by 
confining the animals during the process in rubber cones made from 
the inner tubes of automobile tires, a small opening at the apex per- 
mitting easy breathing but effectually closing the mouth of the animal. 
This method also served to protect the hair of the body from infected 
dust and vapor, only the nose requiring disinfection after exposure in 
the experimetal infection. 

After being clamped in the rubber cones, some animals were placed 
in a box and the air stream from the dusting cylinder was directed into 
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the box through an opening facing the protruding noses of the guinea 
pigs. 

This method gave uncertain degrees of infection, and occasionally 
none. 

Eventually we held each animal separately in the left hand (covered 
with a rubber glove) 6 inches (15 cm.) away from the outlet of the dust 
cylinder, as seen in figure 1. The operation was of course performed in 
a laboratory hood with a good chimney draft, to protect the operator. 
With these precautions the results became more satisfactory. 


Fic. 1. MretHop oF INFECTION BY INHALATION OF SPRAY 


RECORDS OF EXPERIMENTS 


Series 1: Experiment 356: 

Primary inhalation R1, low virulent culture, dried. 

Secondary inhalation H51, highly virulent culture, dried; one year later. 

On November 22 to 25, 1916, intradermic tuberculin injection of 0.2 cc. 
O. T. in 0.1 normal saline solution was given to 50 guinea pigs of 500 to 750 
grams weight. None reacted in forty-eight hours. After one month they 
were separated and a portion inoculated. On December 29 and 30, 1916, 
24 healthy pigs were given an inhalation of R1 broth culture, fifteen-day fresh 
growth from the edge of the pellicle, dried fifteen hours over sulphuric acid 
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in a vacuum desiccator at 24° to 48°C. and protected from light, then pulverized 
inaglassmortar. The animals were exposed for thirty seconds toa blastin the 
manner already described, at a pressure of fifteen pounds in the air tank. 
The dose blown from the cylinder was estimated at 0.005 gram at each blast. 
Only a small portion of this was inhaled by the animals. 

Tuberculin tests of 0.02 cc. intracutaneously were made after one, six, seven, 
eight, and eleven months. The positive results are shown in table 1. 

Note may be made that two-thirds of the guinea pigs reacted at the end of 
one month and three-fourths of them at the end of two months, while later 
the reaction became weak and after eleven months the survivors lost their 
reaction power. 

Fourteen remainéd after a year, the others having died ie various acci- 
dents and diseases, principally chronic indurative pneumonia which involves 
the small lobes of the lungs and is quite prevalent in old guinea pigs. Tubercu- 
losis in the tracheobronchial nodes was demonstrated in three of those sec- 
tioned among the early deaths; in one no disease was found. 

The surviving animals appeared in perfect health, and it was reasonable to 
consider the tuberculous group as well arrested or not infected—where a 
negative tuberculin test occurred during the first months. A few infected 
animals had been kept for controls, but of these only two remained and were 
given the virulent inhalation. The others had been used for different purposes. 

On November 17, 1917, approximately one year later, 10 of the infected 
animals and 2 controls, together with 6 new healthy control pigs, were given 
the virulent inhalation. For fifteen seconds they inhaled dried H51 (fifteen- 
day broth culture recently isolated from sputum, the fourth transfer from egg 
tubes), approximately 0.019 gram in each blast. Two animals of the first 
infection series were reserved for controls and for comparison with the reinoc- 
ulated ones. 

Table 1 contains the records and clearly indicates the markedly smaller 
amounts of disease in the guinea pigs twice infected and chloroformed after 
ninety-three to one hundred and one days, although in animals 22 and 24, 
killed after one hundred and fifty-one days there was practically as much 
disease as in the controls. 

The intradermic tuberculin tests on the tenth day after infection gave no 
response in either first or second inoculated animals. On the forty-first day 
after the virulent infection all but one control gave strong reactions, while 
only three of the reinoculated pigs reacted definitely. This difference will be 
discussed later and its significance noted. 

Differences in the tuberculin reactions made it seem likely that there were 
some of the original animals which escaped infection. Histologic examination 
in five had failed to discover tubercules; consequently we made some secondary 
inoculations of suspected lung and gland tissue from both reinoculated and 
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TABLE 1a 
Series 1. Reinfection: Virulent inhalation H51 dust; after 11 and 12 months 


TOTAL DURATION 
WEIGHT AT DATE OF INSRADERMIC TURERCULIN TESTS OF LIFE SINCE 


Five tests 
0.020 cc., | 0.020 cc. | 0.020 cc. 0.020 cc. 


First Second number 9 days 10 days 41 days First Second 


infection | infection infection | infection 


after first | infection | infection 
infection 


days 
+? 0 94 
0 0 101 
+? 101 
+++ 93 
+++ 93 
0 101 
4? 94 
+++ 94 
++55days 151 
+? 55 days 151 


Controls—not reinoculated 


*The first ten animals were used for other experiments. 


Key to tables 


Tuberculosis on gross examination 
Tuberculosis with caseation on gross examination 
Tuberculosis on histological examination 
Tuberculosis with very early proliferation 
Tuberculosis with advanced proliferation 
Tuberculosis with early caseation 
Tuberculosis with advanced caseation 
Tuberculosis with early healing 
Tuberculosis with advanced healing; fibrous 
Tuberculosis with allergic reaction, early, 
Tuberculosis with allergic reaction, retrograde 
Lymphoid hyperplasia 
No specific tuberculous lesion 
Note: The tuberculin reactions are indicated according to severity from + to ++++. 


449 
ANIMAL 
NUMBER 
*14 520 | 610 
12 700 780 
13 630 | 690 
16 560 | 675 
17 630 | 655 
18 650 | 680 
19 525 | 600 1: 
21 505 | 640 
22 740 | 710 " 
; 24 610 | 610 
25 710 | 570 1 0 505 ; 
| 28 700 | 815 2 +? 4? 507 
When 
killed 
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control animals (see table 1, control). We tried to distinguish in this way by 
the virulence of the tuberculous tissue which lesions were due to the first 
inoculations and which to the second. In no. 25 R1 control it will be noted 
that the lung tissue was not able to infect but the lung hilum lymph node was 
positive after two months; whereas no. 96, the H51 control, promptly gave 
a progressive disease to two healthy pigs. 
TABLE ip 
Series 1. Controls: Virulent inhalation H 56 (dust) 


WEIGHT TUBERCULIN TESTS 


ANIMAL NUMBER a 
At date of | Maximum Minimum - 10 days | 41 days 
infection after infection after infection after infection | after infection 


760 780 - 
500 580 - 
340 420 420 
490 525 420 
460 520 450 
400 550 520 


Control of virulence of tubercles from reinoculated animals 


NUMBER OF vee 
TISSUE INOCULATiON ANIMAL 


Weak Strong 


Bronch. nodes 25 control 0 


a. 
Lung tubercle 25 control 0 
Lung tubercle 11 0 
Lung tubercle 11 0 
Lung tubercle 96 
Lung tubercle 
Lung tubercle +? 
Lung tubercle 
Spleen 
Lung 
Lung 


+tot++++ooo 


(*98 probably escaped infection.) 


The lung nodules of no. 11 and no. 13 were both negative on inoculation. 
These require special mention, as the small grayish or pearl-like nodules that 
were inoculated proved on histologic examination of similar foci to be the 
nonspecific lymphoid hyperplasia which will be discussed later (see page 472). 
There were larger nodules in the subpleural region containing giant cells but 
no caseation. In both animals there were well defined tubercles in the 
bronchial lymph nodes which would probably have produced infection by 
inoculation, but this was not done in all cases. Bacilli were not found in the 
sections, however, nor in the lung tubercles in a casual search. The small 


93 0 ++++ 

94 0 +++ 

95 0 ++ 

96 ++++ 

97 | ++++ 
#98 0 

109 410 
110 350 
111 420 | 
112 375 
113 460 
114 340 
116 400 ? 
| 117 310 
118 425 
119 300 
120 420 
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TABLE ic 


Series 1. Reinfection: Virulent inhalation H 51 dust; after 11 and 12 months 


ANIMAL 
NUMBER 


GROSS AND HISTOLOGICAL EXAMINATION OF TISSUES 


Lungs; Lesion from 


First 
infection 


Second 
infection 


Cervical 
Tracheo- 
‘ymp: 
glands 


Axillary 


Inguinal 
lymph 
glands 


Spleen 


Complications 


+? 


Pneumon.? 


Pneumon. 


0 


Controls—not reinoculated 


451 
= 
11 = 0 + ~ 0 0 
= 
12 L Ts + + 4 0 
2.45% 
13 L T: HT: | 0 
= 
16 +? + + + oo 0 
2 : 
17 +? + + 0 + + | | 
18 + D Ts 0 0 0 
19 L 0 Ts 0 0 0 
21 +? + Sy 0 0 0 
22 +? ++ ++ ++ + | 
24 + ++ + 
4 
25 0 0 0 0 0 0 
28 +? +? + | + 0 0 
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lung nodules of no. 18 and no. 21 gave a positive inoculation disease of appar- 
ently average virulence. It was not possible to say whether these tubercles 
in the lung came from both the first and second infections, but presumably 
they were from the latter. It is noteworthy that the virus must have been 
weaker or the bacilli in the tissue less numerous than in the control no. 96. 


TABLE 1p 
Series 1. Controls: Virulent inhalation H56 (dust) 


CERVICAL AXILLARY 

URA’ TRACHEO- 
PLEE 

OF LIFE BRONCH, 

GLANDS 


days 
91 ++ ++ 


++ 


+ 


99 0 0 0 


Control of virulence of tubercles from reinoculated animals 


109 
110 
111 
112 
113 
114 
116 
117 
118 
119 
120 


Series 2: Experiment 356: 

Owing to the expected high mortality in experiments with animals under 
long confinement, we followed our first series with others within two months. 
In selecting the guinea pigs we had decided, as previously stated, to use males 


LIVER 
: 93 +? + + 
>. 
: 94 91 ++ 0 ++ + 
: 95 99 ++ + ++ ++ 
96 92 ++ +t ++ ++ 
98 0 | 
+ 
0 
0 
0 
++ 
++ 
+ 
++ 
++ 
0 
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as far as possible, and of mixed colors, obtaining them from different dealers. 
It was found difficult to secure older animals free from occasional traces of 
chronic pneumonia involving the small mesial lobes By quarantining for 
two weeks, the most seriously affected animals could be suspected and killed; 
many, however, of the best nourished ones appeared to be immune or to have 
recovered. The cages were of open wire on all sides and each contained not 
more than five animals, the sexes separated, uninoculated pigs on the upper 
tiers and quarrelsome males placed in solitary confinement. No ulcerating 
tuberculosis was permitted to remain in the animal room. 

The feeding was done but once a day, exclusively on hay and carrots in 
winter, with green grass, oats, hay and occasionally cabbage in summer. 
The cages were kept dry. Water was not given except sparingly in summer, 
as deaths from enteritis are hard to prevent. 

Primary inhalation R1, both dried and moist, February 15 to 22, 1917. 

Secondary inhalation H51 (virulent) dry, November 17, 1917, nine and 
one-half months later. 

Eight tuberculin tested pigs were subjected to inhalation on February 
15, 1917, and 11 nontested ones® on February 22nd, 1917. 

The latter were young and mostly males. 

Dried and pulverized R1 culture, fourteen-day growth on broth, was inhaled 
for thirty seconds by the first 8 and for fifteen seconds by the succeeding 11. 
In addition to the above, 4 old subcutaneously inoculated animals were given 
inhalations with the first 8. Those animals, with controls, which survived 
and were reinoculated, are given in table 2. 

Only 6 of this series survived until given the secondary inoculation of dried 
and pulverized bacilli from a twenty-six day broth eulture of H51 virulent 
strain. The same method and time (fifteen seconds) were employed as in 
the first series. 

Two healthy animals, not previously inoculated, had been kept side by side 
as controls. 

Three of the tuberculous with the 2 controls were given inhalations on 
November 17, 1917, and the other 3 with 10 new controls on February 22, 
1918, but with moist spray of a suspension of H51, twenty-seven-day broth 
culture in normal saline solution. This was vaporized in a DeVilbiss atomizer 
and four blasts were given to each pig through a glass tube 4 inches long and 
one inch in diameter, which was placed near the animals’ nose. 

The suspension was made from a large spadeful of culture rubbed in a mor- 
tar in 40 cc. of normal saline solution and centrifugated ten minutes. The 
middle layer, pipetted out, was used. Smears showed an average of a single 


5No further preliminary tests of guinea pigs in stock were made, since we had previously 
secured only negative results. 
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bacillus to an oilimmersion field. The atomizer produced an exceedingly light 


cloud. 
TABLE 2a 


Series 1. Reinfection: Virulent inhalation H 51 (dust) after 11 months November 17, 1917. 


TOTAL DURATION 
WEIGHT INTRADERMIC TUBERCULIN TESTS OF LIFE SINCE 


At time of | At time of | number of posi-| . 9-020 cc 0.020 
ime 0 ime of | number of posi- ; .020 ce, F 

_ first second | tivereactions | 41 days after 
infection | infection after first Fer es ll second infection rage 
infection 


335 580 1 0 _ 376 
330 625 1 0 - 376 
560 625 1 0 - 373 


Controls: Virulent inhalation H51 (dust), November 17, 1917. 


74 485 670 0 376 
76 625 860 0 ++3+ 374 101 


Reinfection: Virulent inhalation H51 (moist vapor) after 12 months, February 16, 1918 


27 590 630 2 +? 55 days ++ 505 
29 560 610 1 +? 55 days +? 505 
51 280 670 1 +e 55 days ++ 509 
54 390 780 2 + + 395 
55 335 620 2 0 509 


Controls: Virulent inhalation H51 (moist vapor), February 16, 1918 


min wt. 
99 490 480 | No tests No tests No tests 
100 480 470 | No tests No tests No tests 
101 610 575 | No tests No tests No tests 
102 550 530 | No tests No tests No tests 
103 490 490 | No tests No tests No tests 
104 540 
105 480 
106 560 
107 480 
108 500 


Subcutaneous controls: Reinfection by R1 (dust) inhalation after 1 or 2 years 


36 750 630 1? 0 422+ 374 
37 800 740 2 _ 508+ 426 


45 800 820 0 0 508+ 426 


From two to five months after virulent infection the animals of both series 
were chloroformed and compared. The marked difference in the amount of 


NUMBER 
62 101 
| 65 101 
68 98 
| | 90 
90 
60 
13 
60 
58 j 
58 
58 
58 
58 
58 
58 
bi ? 
56 
58 
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disease is apparent from the tables and is indicative that the arrested disease 
in the reinoculated pigs served to restrain, if not to prevent, acute and exten- 
sive disease. It seemed clear to us that the first infection was quite arrested in 
The greater uniformity of lesion produced by moist vapor- 


the few survivors. 


ized bacilli determined us to abandon dust inhalations in future experiments. 


TABLE 28 
Series 1. Reinfection: Virulent inhalation H51 (dust) after 11 months, November 17, 1917 


ANIMAL 
NUMBER 


LUNGS; LESIONS FROM 


GROSS EXAMINATION 


First 
infection 


Lymph glands 


Second 
infection 


Cervical 


tracheo- 
bronchial 


Axillary 
inguinal 


Spleen 


Complications 


+? 


+ 


? 
++ 


++ 


0 


Controls: Virulent 


inhalation H51 (dust), November 17, 1917 


74 


76 


+- 


+? 


0 


Reinfection: Virulent 


inhalation H51 (moist vapor) 


after 12 months, February 16, 1918 


27 


+? 


+? 


0 


Pneumonia. 


|| 
| 
62 +? || a 0 | + 0 
65 +? +? | 0 
68 = 0 | | 0 
| +] 4 
o | 0 | | 
29 = ++ + Oo | ++] ++ 
51 +? +? +? | 
54 0 0 0 0 0 P| 
55 +? +? ++ | 0 
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TABLE 28—Continued 


LUNGS; LESIONS FROM 


GROSS EXAMINATION 


Second 
infection 


First 
infection 


Lymph glands 


Cervical 


tracheo- 
bronchial 


Axillary 
inguinal 


Spleen 


Liver 


Complications 


Controls: Virulent inhalation H51 (moist vapor), February 16, 1918 


++ ++ | ++ 


Healed 
pneumonia 


Pneumonia? 
+4 


107 ++ ++ | ++ 


tle Fle tle 414 414 


108 a + | ++ 


Subcutaneous controls: Reinfection by R1 (dust) inhalation after 1 to 2 years 


Pneumonia 


36 +? +? 


37 0 0 


45 


456 
NUMBER 
99 
101 
102 
103 
| 104 
105 
| 
Aa 
= ++ + T + 
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Three of the 4 old pigs (supposedly) inoculated subcutaneously survived 
and were killed thirteen and one-half months after reinfection by R1. Two 
revealed chronic tuberculosis of lungs and lymph nodes, and the third (no. 37) 
showed none, although it had apparently reacted to tuberculin according to 
the notes; no microscopic examination was made. 


SUMMARY OF ANIMALS OF THE FIRST AND SECOND SERIES DYING FROM ACCIDENT 
OR COMPLICATIONS PREVIOUS TO THE TIME OF SECOND INFECTION 


Of a total of 32 animals dying from twenty-three to three hundred and four- 
teen days after infection at least one of the organs of 18 was submitted to 
histologic examination. In every instance, in spite of complicating disease, 
tubercles in varying stages of development were detected somewhere in the 
body of the animal. The lungs, examined in 7 cases, showed tubercle in 4, 
and persistent lymphoid hyperplasia in 3. A complicating pneumonia does 
not preclude the formation of inhalation tubercles. Thetracheobronchial 
lymph nodes were examined in 14 cases, and all showed tubercles in varying 
stages of activity. In addition, macroscopic observation showed tubercle in 
the spleen 15 times (3 of these verified microscopically), in the liver 10 times 
and in the cervical lymph nodes 7 times. 

Lesions developed in spite of complications but their course, both for this 
reason and because of possible irregularities of dosage, was irregular. 


Series 3 : Experiment 356 (a): 

Primary inhalation R1, moist vapor, October 17, 1917. 

Secondary inhalation R1, moist vapor, eighteen: months later. 

Six guinea pigs were given inhalation of R1, ten-day broth culture, in moist 
spray in the manner above described. The suspension contained many 
single bacilli and small clumps in the test smears. The animals received a 
fairly strong infection but apparently completely recovered after a period of 
losing weight. One was inoculated in the groin for control of the virulence. 

Reinoculation by inhalation was made with the same strain, R1, sixteen- 
day broth culture, prepared in the same way. Six blasts of the vaporizer 
were used, there being 5 healthy animals inhaled for controls at the same time. 

Notes on table 3: 

We have here an interval of eighteen months between infections of like 
virulence. All the reinoculated animals had pulmonary lesions as well as 
lymph node disease, but it was not easy to state from gross appearances that 
these tubercles were recent; the larger tubercles and caseation present in 
the lungs of the controls, however, were perfectly plain by contrast. The 
fibrous appearance of the glands of the reinoculated animals suggested well 
arrested disease. 


i 
4 
j 
> 


458 EDWARD R. BALDWIN AND LEROY U. GARDNER 


Virulence of R1 culture: 

During the time the first two series of experiments were in progress, we 
began others with the use of larger doses of R1 powder and longer exposures. 
The animals were confined in a box while inhaling the powder, and in most 
cases the result was a rather severe infection of the lungs. Many of these 
animals died, and in 5 instances among 40 guinea pigs the disease had spread 
to the spleen and liver. 

This observation raised the question whether the R1 strain had become 
mixed with one more virulent, or was gainingin parasitic power. We therefore 


TABLE 3a 
Series 2. Reinfection: Low virulent R1 inhalation (dust and moist vapor) after 18 months. 


WEIGHT AT DATE OF INTRADERMIC DURATION OF LIFE SINCE LUNGS; LESIONS FROM 


ANIMAL TUBERCULIN TEST 
NUMBER First Second _ First Second First Second 
infection infection infection infection infection infection 


days days 
680 (No record) 
830 628 115 
880 628 115 
755 628 115 
785 632 115 


Controls: Second inhalation R1 moist vapor 


620 115 ++ 


655 655 115 


645 645 115 4 
630 115 


580 630 115 + 


Control of virulence of tissue, first infection; subutaneous inoculation lung and gland tissue 
no. 16 


409 
370 820 {25 days +++ 569 


39 | 320 580 


40 


inoculated subcutaneously 2 guinea pigs with a mixture of crushed lung and 
mesenteric gland tissue of one (no. 16a) which had died with extensive disease 
of the lungs and glands thirty-one days after inhalation. 

The secondary passage inoculation caused only localized lymph node dis- 
ease, which became apparently arrested and fibrous. Only the inguinal nodes 
nearest the site of inoculation were found caseated. One pig was killed in 
thirteen and one-half months, the other in eighteen and one-half months. 
We were consequently inclined to account for the apparent accession of viru- 
lence in series 2 by the poor condition of the inoculated animals, some of which 
were barely half grown. Added to this, large doses of bacilli, which sometimes 


| 
24 460 
25 475 + +? 
26 440 + +? 
27 425 “- +? 
38 430 + +? 
32 620 
| 34 
35 | 
36 
| 37 
0 
| 
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TABLE 33 
Series 2. Reinfection: Low virulent R1 inhalation (dust and moist vapor after 18 months 


GROSS AND HISTOLOGIC EXAMINATION OF TISSUES 


Lymph glands 
ANIMAL NUMBER 


Cervical 
Tracheo- 
bronchial 


Axillary 


Mesenteric 
Inguinal 


~wv 


+/+ 


+ 


+|+ 


second inhalation R1 moist vapor 


ra 


No record 


| 


Control of virulence of tissue, first infection: Subcutaneous inoculation lung and gland tissue 
no. 16 


| 
| 


Spleen Liver 
25 + 
26 | HT; 
27 | + 
| 
4 | 
— 
38 | + | | 
Controls: 
| | 
32 ers | 0 
+ | 
| 34 = 0 | 
| | 
36 ++ | 0 
| 
| | | 
39 | +++ + 0 0 
| 
| 
| + | +++ 0 | ++ 
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contained clumps, were administered. In fact we began to note that infection 
by inhalation appeared to be more serious in its effects than subcutaneous 
inoculation, with the Ri strain of bacilli. 

This became more pronounced in later experiments with moist spray, con- 
taining relatively many less bacilli than we usually gave under the skin. 

As a consequence a further control test of the virulence of the Ri culture 
was made to allay suspicion of its change or mixture with more virulent strains 


(see table 5). 


Series 3: Experiment 356 (b): 
Cumulative infections by three successive inhalations. 
1., December 7, 1917. 
a ne 2., August 19, 1918, eight months and twelve days later. 
3., February 12, 1919, five months and twenty-four days 
later. 

The object in view in this series was to note the effect of successive inhala- 
tions in moderate doses of R1 culture which, when inhaled from vaporized 
suspensions, had been found capable of producing a mild but fairly extensive 
disease in a small percentage of animals. 

The experiment was begun with 26 male pigs, well grown. Six were reserved 
after the first infection for comparison, and with each successive infection 
6 new pigs were given inhalations, making 36 in all. The suspensions were 
prepared as described in series 2, and tests were made by spraying against 
glass slides, which showed after staining from two to three bacilli to the field. 
Four blasts with the hand bulb vaporizer, requiring two seconds to each 
squeeze, were made for each animal in the manner already described. Six 
blasts were given in the third infection. Seven pigs received the three infec- 
tions, 6 received two and 5 only the last. 

They were chloroformed in two lots of 7 each at the end of one month and 
three and one-half months respectively, and comparisons were made by both 
gross and microscopic examinations. Table 4 contains the record. 

Result: All the thrice inhaled pigs had enlarged and fibrous cervical and. 
tracheobronchial nodes and a few fibrous subpleural tubercles in their lungs. 
Gross evidence of tuberculosis was more marked in the animals which received 
the last two infections, and in the controls which had only the final inhalation. 

A control inoculation of the sprayed suspension, used in the third inhalation 
February 12, 1919, was made to test the virulence by subcutaneous injection 
into each groin of a guinea pig (356 x table 5). Section showed proliferative 
caseous tuberculosis of the inguinal nodes and spleen after three and one-half 
months. Evidence of an abnormal virulence for Ri was not apparent. 

(A pathological study of 10 of the twice and thrice inoculated pigs is given 
on pages 472 ff and a summary of the sequence of changes is appended by 
Dr. Gardner.) 


| 
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one-half months. 


TABLE 4a 


REINFECTION IN TUBERCULOSIS 


The spleen inoculated animals 


Virulence test of R1 culture by passage and subsequent inoculation: 

One of the twice infected pigs (31b) died from generalized tuberculosis on 
February 6, 1919, one hundred and eighty days after inhalation of R1 spray. 
Secondary subcutaneous inoculations of spleen, liver and inguinal glands 
tissue of pig 31b were made into three pigs. 
died of generalized tuberculosis in seven months; the liver pig in eleven and 
The gland tissue pig died in eleven days of septicemia. 


Series3. Cumulative infections by inhalation: Low virulent R1 moist vapor 
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WEIGHT AT DATE OF 


INTRADERMIC TUBERCULIN TESTS 


First infection 


_ Second 
infection 


Third 
infection 


Death 


0.020 cc. 
31 days after 
first infection 


0.005 cc., 
19 days after 
second infection 


375 


4 355 
10 360 
11 360 
17 365 
18 345 


445 


21 410 
22 460 
340 


580 
570 
580 
600 
670 
680 
700 


580 
605 
645 
745 
815 
735 
665 


740 
860 
770 


620 
655 
645 
630 
580 


640 
700 
ods 
810 
835 
800 
740 


760 
910 
770 


900 
830 
800 


720 
790 


705 
620 


? 


Seven pigs were inoculated subcutaneously at the same date (February 

6, 1919) with 0.1 cc. of a coarse suspension of Ri broth culture of ten days’ 

' fresh growth (the same which was used ten days later for the third inhalation). 
Table 5, control, shows the result in detail. 

Notes on subcutaneous control inoculations of R1 culture: 

A glance at the table 5 controls indicates the possibility of producing general- 

ized tuberculosis with slight caseation with R1 after many months. The 

occasional instance of such extensive disease from our inhalation infection 

was not surprising if the dosage was large, and we cannot find sufficient ground 


NUMBER | 
3 = 
20 
| 28 “ 700 
| 32 ~ - | 
35 
36 
| 
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for the suspicion that we were using a mixed culture since these instances were 
exceptional. On the other hand, it cannot be maintained that R1 was so 
weak in pathogenic properties that the value of the experiments was vitiated. 

The case of guinea pig 31b is not clearly explained, as the passage inocula- 
tions proved fairly virulent. As this was the only animal among 36 to show 
gross evidence of spleen or liver involvement, we must suspect that it was 
misplaced in a wrong cage and had been previously inoculated with another 
strain than R1. 

TABLE 48 


Series 3. Cumulative infections by inhalation: Low virulent R1, moist vapor 


HISTOLOGIC EXAMINATION OF TISSUES 


DURATION OF LIFE AFTER penn 
racheo-bronchia 
Lungs; lesions from lymph nodes 


Complications 


First _ Last _ First _ Second _ First Second 
infection infection infection infection infection infection 


days days 
520 26 
492 26 
492 26 
492 26 
548 
446 Pneumon. 


548 
548 
548 


Second 
infection 


279 26 
279 26 
279 26 HT, 
115 
115 
Died (no record of autopsy) 
115 L, HT: 
115 


Series 4: Experiment 356 (c): 

Inhalation of R1 dried, followed by inhalation of granite dust, December 
10, 1917. 

This experiment formed a part of the study of the effect of mineral dusts 
on tuberculosis carried on by Dr. Gardner (see AMER. REV. TUBERC., 1920, iv, 
734). There were 13 guinea pigs of which 5 inhaled granite dust beginning ten 
and one-half months after infection and continuing for eight months. Only 3 


i 

| 4 

ANIMAL 

| NUMBER 

| 

| 

10 

11 

17 

18 

21 11 L 0 HT; 0 | 

} 22 115 | L, HT: 0 HT: 0 g 

i 24 115 | L, HT: Ae HT: 0 

28 Ae 0 0 

q 29 As 0 0 . 

| 35 

36 0 T: 
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control animals lived through the experiment, which was terminated June 11, 
1919, eighteen months after theinfection. Healed fibrous cervical and tracheo- 
bronchial nodes were demonstrated, together with a few fibrocaseous lung 
tubercles. The animals which had inhaled granite dust exhibited foci which 
were larger but not progressive (see Gardner, loc. cit.) 

TABLE 5a 


Series 3. Virulence test R1 culture by subcutaneous inoculation 


WEIGHT 


ANIMAL 
NUMBER INOCULATED MATERIAL 


LATION 


356X - 5 cc. normal saline into which six blasts were sprayed of Ri suspension 
1X 330 
2X 380 | 0.1 cc. coarse suspension of ten-day broth culture R1 
3X 390 | 0.1 cc. coarse suspension of ten-day broth culture R1. 
5X 405 | 0.1cc. coarse suspension of ten-day broth culture R1. 
6X 450 | 0.1 cc. coarse suspension of ten-day broth culture R1. 
7X 430 | 0.1 cc. coarse suspension of ten-day broth culture R1. 


Inoculated material (Ri first passage from guinea pig) 


Crushed spleen pulp no. 31 B. 54 months after inhalation of R1. 

Crushed inguinal gland pulp no. 31 B. 

Crushed liver pulp no. 31 B 

Crushed spleen pulp no. 7X (above) 

Crushed lung 1 cc. in each groin 5 days aftersubcutaneous inocula- 
tion of R1 

Crushed lung 1.5 cc. in each groin 12 days after subcutaneous inocu- 
lation of R1 

Crushed lung 1.2 cc. in each groin 18 days after subcutaneous inocu- 
lation of R1 

Crushed lung 2.5 cc. in each groin 28 days after subcutaneousinocu- 
lation of R1 

Crushed lung 2.5 cc. in each groin 39 days after subcutaneousinocu- 
lation of R1 

Crushed lung 1.5 cc. in each groin 94 days after subcutaneous inocu- 
lation of R1 

18X Crushed lung 2 cc. in each groin 94 days after subcutaneous inocu- 

lation of Ri 


A AR AR A 


*Animals 12X to 18X inclusive are from another experiment. Though the amount of 
fluid varies in each case it represents the entire amount of fluid used in crushing the whole 
left lung of the first animal, previously infected in the groin with 0.5cc. of a suspension of R1 
containing 3 to 5 single bacilli to an oil immersion field. 


Series 5: Experiment 356 (d): 

Primary inhalation of R1 moist vapor, December 22, 1917. 

Secondary inhalation of R1 moist vapor December 22, 1919, two years 
later. 


i 
i 
DIED (D) 
OR 
£ KILLED 
{ (K) 
|_| 
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This experiment was begun with 20 guinea pigs of which 9 survived two years. 
(There were 7 more given inhalations at the same time for the above men- 
tioned granite dust experiment.) 

The culture used was older than in series 3 (thirty-seven days), and a test 
of the suspension on stained slides showed many vacuolated bacilli. The 
inhalation was made with four blasts of the atomizer. 


TABLE 53 
Series 3. Virulence test of R1 culture by subcutaneous inoculation 


GROSS AND HISTOLOGIC LESIONS 


DURATION 
OF LIFE Lymph glands 
Spleen 


Inguinal Others 


days 
Ts 


772 
343 
556 
123 
575 
161 


+? ++ 


+t+tototo 


Virulence test of Ri. First passage from guinea pig 


8x 584 ++ 
9X 11 (septic infection) 
10X 352 ++ | ++ ++ 
11X 265 (chronic pneumonia) 
Tracheo-Bronch. 
12X 90 HT; 
13X 90 Te 
14X 90 
15X 
16X 69 
17X 126 
| 100 


Intradermic tests with small doses of tuberculin were made on the nine- 
teenth and forty-ninth days, and again after eighteen months, when only 4 
of the 9 remaining animals reacted. The reactions were definite in the 4, yet 
it was decided not to repeat the test again until after reinoculation. Previous 
experience had shown that negative reaction did not exclude the possibility 
of infection being present, and positive reactions were quite as frequent with a 
smaller dose (0.005 to 0.01 cc.) of tuberculin than that first used (0. 02 cc.). 
It was desirable to avoid frequent tests as the objection had been made that 
tuberculin treatment was being given. 


NUMBER 
Liver 
356X 0 q 
1X ++ + 0 : 
2x ++ 
5x 0 
7X 
; 
i 
q 
- 
Ts 
0 
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We had no better criterion for their recovery than the completely normal 
appearance of the animals after two years. 

These 9 lusty animals, all weighing well over 900 grams, seemed to us prop- 
erly to be compared with completely healed tuberculosis of the lymphatic 
system in human beings. 

It was necessary to find animals of approximately the same age for controls 
to the reinfection, which was difficult as the majority were at least three years 
old. The reinfection was given in exactly the same way and with the same 
strain (R1) as in the first infection, but with a fresher culture (twenty-eight 

TABLE 6a 
Series 5. Reinfection after two years R1, killed 30 and 32 days after second infection 


WEIGHTS TUBERCULIN TESTS 


ANIMAL 
0.005 cc. 
NUMBER At first At second One month 182 days 


infection infection age Gain or loss after first 
infection 


0.010 cc. 0.010 cc. 
10 days after | 24 days after 
reinfection | reinfection 


405 910 850 — 60 +? ++ 
320 1005 985 —20 +++ | +#+4++ 
435 1095 1080 —15 + +++ 
330 980 800 — 180 + 
393 770 745 —65 yd 
325 930 885 —45 + 
510 1060 1025 —35 ++++ 
430 980 995 +15 ++++ 
395 990 915 —75 ++++ 


Controls: Second inhalation 


815 +30 
720 —55 
825 —60 
670 +5 

955 —50 
570 —60 
720 —45 
940 860 —80 


days). The suspension showed two to five bacilli and a few clumps to a 
field. Six blasts were given to each pig, including eight healthy controls. 

Table 6 sets forth the details of the results in each series of animals as they 
were chloroformed in groups of 2 reinfected and 3 control pigs, on the thirtieth, 
thirty-second and fortieth days. With the exception of 2 reinfected animals, 
the controls revealed many more lung tubercles which had progressed to 
caseation, while the reinfected animals showed a few noncaseous lesions. 

The two pigs resembling the controls never definitely reacted to tuberculin 
and may have escaped primary infection (though this is doubtful), since one 


; 2 ++ 
5 ++++ 
7 ++ 
14 
j 15 + 
17 
20 
22 ++++ 
23 
5 10 
: 11 ++++ 
12 +++ 
| 13 ++ 

14 1 ++++ 
15 +? 

17 +++ 

18 | ++++ 
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of them did not give prompt tuberculin response on the tenth day after the 
last infection. 
The tuberculin reactions of the reinfected guinea pigs on the tenth day are : 


of special note, since all but no. 15 gave marked reactions, whereas none of 
the controls gave any response at that time. Later, on the twenty-fourth 
day, all but 1 control responded. The significance of these differences will 
be discussed later. The microscopic examination disclosed practically no 
fresh tubercles in the majority of the reinoculated animals. 


TABLE 68 


Series 5. Reinfection after two years R1 (moist vapor), 30 and 32 days after second infection 


| ADDITIONAL GROSS OBSERVATIONS 


HISTOLOGIC EXAMINATION OF TISSUES 


AL | lymph | Trache 
i | lymph lympth Spleen 
‘ First glands glands 
| First infection |Second infection fafantinn Second infection} 
2 4 °% + 0 
0 0 0 0 
7 L, HT. Ae HT2 0 | 0 0 
14 L, HT: Ae 0 + 0 
15 | L, HT: As ? + 
17 + + 0 
22 L,HT; 0 0 9 ? + 
23 L, 0 0 HT; 0 ? re 0 


Controls: second infection 


10 — L, Ts, HT: _ Ts | 0 0 + 
11 i - L, Ts - Ts | + + + 
12 HT, | + + +? 
13 | L, T: HT; | 0 0 
I | — L, Ts, HT: ~ ‘Ss + +? +? 
7 | = + 
18 — L, HT; = Te + + 0 


SUMMARY OF HISTOLOGIC CHANGES IN GUINEA PIGS INFECTED BY THE Rl 
STRAIN OF TUBERCLE BACILLUS 


1. Sequence of events following the first inhalation: 

Lungs: By far the greater number of the first tubercles appear 
immediately beneath the pleura, where the reaction is initiated by a 
swelling, proliferation and desquamation of the alveolar epithelium. 
Within the lumen of the air sacs there very quickly appears a collection 


| 


REINFECTION IN TUBERCULOSIS 467 


of mononuclear. cells derived from various sources. Normally a few 
such cells appear after birth within the alveoli, which act as scavengers 
for the small amounts of the foreign material finding its way into the 
terminal air passages under ordinary conditions of life. These cells 
are capable of undergoing division locally to meet any increased demand 
for phagocytes. In addition to these, mitotic figures are seen within 
the lumen of the capillaries of the wall in the region of the tubercle forma- 
tion; these division figures are probably within the endothelial lining. 
After proliferation the daughter cells pass through the vessel wall into 
the air space and there take part in tubercle formation. Frequent 
division figures also occur within the lumen of perivascular lymphatics. 
Long continued search of many sections has failed to detect tubercle 
bacilli within any of these cells, but the presence of so many division 
figures suggests that the cells which first respond to the presence of the 
tubercle bacillus within the alveoli are phagocytes normally present 
within the lumen, cells derived from the local blood vascular endothelium 
and possibly those from the lymph vascular endothelium. The reaction 
on the part of the epithelium is likewise a response to irritation, but 
these cells desquamate and soon die without taking active part in tubercle 
formation. 

By fusion, and as a result of direct division, the remaining intraalveolar 
cells tend to form large, crescent shaped, multinucleated cell plaques 
which have very deeply stained cytoplasm. Repeated division within 
the intraailveolar masses fills the lumina of groups of alveoli and as a 
result a rather sharply circumscribed nodule, spherical in cross section, 
is formed (see fig. 2). The completion of this stage requires about two 
weeks, although the rapidity of the reaction depends upon the number 
of bacilli originally lodged at the point of formation. 

At the same time the alveolar walls are becoming thickened, both 
because of the accumulation of cells within the capillary lumen which 
are continually passing through their walls, and also because of a mod- 
erate proliferation of the connective tissue framework in the alveolar 
wall. The nodule gradually assumes a more homogeneous appearance, 
in which alveolar outlines cannot be detected without special stains 
for connective or elastic tissues. The connective tissue cells lay down 
more and more an intercellular substance (collagen), and their nuclei be- 
come compressed. A rare tubercle bacillus can be detected by the Ziehl- 
Neelsen stain. At the periphery of the tubercle are alveoli which show 
changes similar to those already described, connective tissue thickening 
of the walls, and crescent shaped polynuclear masses within the lumen. 


‘ 
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Caseation begins at the center of the mass during the third and fourth 
weeks and may spread outward to involve about half of the whole area. 
Unless the infecting dose be very large the process usually stops at this 
point and resorption commences (see fig. 3). 

It is peculiar to this strain of tubercle bacillus—and possibly-to other 
strains which have been long under artificial cultivation—that they can 


Fic. 2. HicH POWER DETAIL OF PRIMARY INHALATION TUBERCLE 


Normal outlines of lung structure obscured by proliferated cell masses. 


produce a caseous reaction but that instead of the process spreading 
from the initial foci, it slowly undergoes retrogressive changes and may 
finally completely disappear. Resorption is initiated by a change in 
the caseous material which becomes dry and granular, and may be 
invaded by mononuclear leucocytes. In fixed sections it appears to have 
shrunken away from the surrounding connective tissue. As the caseous 
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matter shrinks it is replaced by ingrowth of this connective tissue. A 
definite zone of lymphocytes and plasma cells is formed, not at the extreme 
periphery of the mass as is usually described in tubercle formation, but 


Fic. 3. PRIMARY INHALATION R1 TUBERCLE 


(Aniline blue ‘connective tissue stain.) Discrete nodule with well developed caseation 
and ‘“‘pleural cap.” Note indentation of the line of the original pleural surface. 


along the inner margin of connective tissue next to the caseation. In 
the outer zone the intracellular substance contracts, leaving a structure 
no longer homogeneous but composed of loose strands of connective 
tissue with shrunken nuclei. As a result of this contraction the more or 


ath 
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less intact alveoli, lined by cuboidal epithelium at the periphery, are 
pulled inward and assume very irregular shapes. Soon they extendto 
the receding central caseous margin and finally, as this disappears, they 
come to occupy the whole area. At the height ofits activity thin-walled 
dilated capillaries are a rather prominent feature in the young connective 
tissue about the periphery of the tubercle. These persist during the 
process of replacement of caseous matter and may become very much 
dilated. The final outcome is a complete resorption of all inflammatory 
and degenerative elements with a gradual readjustment of space relations, 
so that the irregularly dilated air sacs assume normal shapes and size. 
Numerous sections selected by a hand lens from the lungs of animals 
killed two years after infection have very frequently failed to show any 
trace of the previous lesions. The time required for the completion of 
the process is variable, sometimes three or four months, sometimes a 
year or two, and this is probably due to the difficulty of controlling the 
number of bacilli which are to reach a given area of the lung. But 
repeated examination of large numbers of animals has established the 
course of the process. 

The pleura shares in the reaction attendant upon the growth of 
tubercles lying immediately beneath it. This pleural response consists 
in the formation of a cap of granulation tissue immediately overlying 
the pulmonary lesion (see fig. 3). The cap may persist indefinitely and 
frequently its shrunken remains serve to call attention to almost healed 
underlying pulmonary tubercle which would otherwise escape detection. 

Shortly after the subpleural tubercles have reached the height of the 
degenerative stage (about three or four weeks) there appears a second 
generation of lesions in the depth of the lung, usually in the outer half. 
The lung is now sensitized by the subpleural reactions and the deep 
lesions, in consequence of the existing allergy, are most frequently abor- 
tive and do not tend to caseate. In this respect they resemble the reac- 
tions of reinfection to be considered below. Some few large caseous 
tubercles are occasionally found in this zone of the lung, but it is probable 
that they are of the same generation as the subpleural lesions, as they 
are of the same size and are usually in the same stage of advancement. 

In addition to these specific changes hyperplasia of the small periph- 
eral collections of lymphoid tissue should be mentioned. In the nor- 
mal guinea pig lung there are extremely minute collections of lymphoid 
tissue situated at the peripheral end of the ductuli alveolares. These 
collections are located at the entrance of the lymphatic system. Under 


H 

} 

; 

i 

4 
4 

id 

4 


REINFECTION IN TUBERCULOSIS 471 


the stimulation of a great amount of foreign irritant which must be 
removed from the air passage by the lymphatic system, these masses 
become greatly increased in size. Thisis accomplished by local prolifera- 
tion of their essential cells, the lymphoblasts. Such a reaction occurs 
in response to the inhalation of large quantities of mineral dusts or of 
a much:smaller quantity of tubercle bacilli. In the latter case hyperpla- 


Fic. 4. LympHoip HYPERPLASIA x5 


No other trace of primary infection 


sia commences in the early stages of tubercle formation and persists long 
after all other traces of tubercle have disappeared from the lung. It is 
an important change as these large masses, frequently very numerous, 
are often the only trace of a previous infection which has otherwise 
healed (see fig. 4). Tubercle bacilli have never been observed within 
these masses, and it does not seem probable that the formation of specific 


472 EDWARD R. BALDWIN AND LEROY U. GARDNER 


tuberculous lesions occurs within them. It is usual to find sucha mass 
in the immediate vicinity of a subpleural tubercle and in the later stages 
of resorption a definite circumscribed mass of such lymphoid cells can 
be found within the fibrous walls of alveoli at the site of the former 
tubercle. 

In addition to these peripheral lymphoid collections there are those 
larger well marked collections located at the junction points of vessels 
and bronchi. These also undergo active hyperplasia with very frequent 
mitotic figures and a rapid increase in size. ‘True tubercle formation 
may occur in some of these, especially those more centrally located near 
the hilum. Such involvement occurs if many bacilli enter the lung 
and are carried to these areas by the lymphatics. 

To recapitulate the pulmonary changes: A primary generation of 
tubercles appears beneath the pleura. These progress to caseation, 
which is usually complete in the third or fourth week. The process of 
resorption which requires a variable length of time, from three months 
to over a year, is accomplished by the organization of the granulation 
tissue about the periphery of the tubercle, the gradual removal of the 
caseous matter, and the final absorption of the whole focus. Distorted 
alveoli are pulled in from the periphery and finally there remains a 
cluster of alveoli with thickenéd walls. Due to readjustment of the 
alveoli about the site of the former lesion the air spaces in the involved 
area again become normal in size and shape and all trace of the specific 
lesion is lost. In addition there is the nonspecific reaction of peripheral 
lymphoid hyperplasia which persists indefinitely and which is of great 
importance, as it may be the only trace of previous infection. 

The tracheobronchial lymph nodes become involved with proliferative 
tubercle within three weeks after infection. These lesions progress to 
caseation and then undergo fibrosis, in which condition they may persist 
for a long time and then be absorbed as in the lungs. The only trace of 
such a lesion is perhaps a moderate distortion of structure, the com- 
pression and obliteration of some sinuses and dilatation of others. The 
lymphocytes of the pulp are frequently replaced by reticuloendothelial 
cells. The progress of resorption is irregular; it may be complete within 
eighteen months or it may persist longer. 


2. Sequence of events following reinfection by inhalation. 
Lungs: The early changes occurring during the first month have not 
as yet been studied but in all probability they are identical with those 
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occurring in the formation of the deep tubercles of the second generation 
in the lungs of animals receiving only a first infection. These reactions 
consist in the accumulation of cell plaques and isolated mononuclear 
cells within the alveoli immediately about a ductulus alveolaris. This, 
except for the location of the lesion, does not differ from the initial reac- 
tion of a primary infection; but there is in addition another feature of 
the reaction, exudation manifested by accumulations of polymorphs, 
often of the eosinophilic type and perhaps fibrin. The nodule thus 
formed does not have the regular outlines of a tubercle resulting from 
primary inoculation; nor has it the usual compact, almost homogeneous 


Pe 


Fic. 5. Dertatt or LymMpHoip HYPERPLASIA 


structure. The outlines of the alveolar walls are still discernible and the 
masses of proliferative cells are broken up by the cells of exudation, 
that is, polymorphonuclears (see fig. 6). It is extremely rare for any 
caseation to occur but when it does there is usually necrosis of only a 
limited number of cells. In the great majority of cases the reaction 
ceases to progress and resorption commences before caseation occurs. 
The intraalveolar exudate and proliferated cells disappear, leaving only 
a moderate thickening of the alveolar walls in a circumscribed focus, 
which persists as such for an indefinite period. It is evident that the 
allergic reactions initiated in the guinea pig’s lung by the inhalation of 
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small doses of the R1 strain are manifested by a very moderate, localized 
inflammation accompanied by atypical and abortive tubercle formation 
(see figs. 7, 8 and 9): The reaction remains localized, does not tend 
to spread within the lung, and the focus practically never caseates. 

Reinfection produces no change in the peripheral lymphoid masses 
already hyperplastic from a previous infection. There is no evidence 


Fic. 6. REPEATED INHALATION INFECTION, Low POWER 


Diffuse inflammatory reaction within alveoli; no proliferation. 


of a second increase in size, nor is a fresh proliferation of the cells stimu- 
lated by reinfection (see fig. 5). 

The tracheobronchial lymph nodes: These nodes have been observed 
over a period of seventeen months after secondary infection. If sufficient 
time has elapsed between exposures, the primary infection may have 
disappeared and can be detected with the greatest difficulty. The 
second infection is manifested by simple proliferation which is usually 
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very slight, often only a few cells located in the medulla or between 
the germinal centres. Caseation never occurs and little or no fibrosis 


POLY MORPHS. 


PROLIFERATION. CELL PLAQUES. 


Fic. 7. REPEATED INHALATION INFECTION 


Diffuse inflammatory reaction with early proliferative nodule formation. The very dark 
mass at the centre is not caseation but a large collection of polymorphonuclear leucocytes. 
The irregularly elongated masses within the alveoli are cell plaques invaded by eosinophiles. 


has been observed. These few proliferated cells are probably removed 
by phagocytes after the bacilli are destroyed. 
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COMPARATIVE OBSERVATIONS ON PULMQNARY TUBERCLES PRODUCED BY 
SUBCUTANEOUS INOCULATIONS IN THE GROIN 


Repeated observations by many experimenters in this and other 
laboratories have demonstrated the fact that the R1 strain of tubercle 
bacilli when inoculated into: the subcutaneous tissue of a guinea pig’s 
groin in moderate dose produces a nonprogressive lesion which heals in 
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AQUES. 


CELL PLAQUES. 


Fic. 8. REPEATED INHALATION INFECTION 


Nodule formation more pronounced. The alveolar outlines are still discernible; the pro- 
liferated cell masses are interrupted by collections of polymorphonuclear leucocytes and 
the periphery are cell plaques invaded by eosinophiles. About the large vessel at the extreme 
left is a hyperplastic lymphoid mass. 


PONS. 
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all the organs except the lymphatic system. There it may remain in 
a dormant encapsulated condition for an indefinite period. The pub- 


ALVEOLAR WALLS 
THICKENED BY 
CELL PLAQUES PROLIFERATION 
INVADED BY Allo EXUDATION. 


POLYMORPHS, 


Fic. 9. REPEATED INHALATION INFECTION 


Detail of figure 6. Inflammatory reactions showing thickening alveolar walls. The 
alveoli contain cell plaques which are invaded by polymorphonuclear leucocytes. 


lished results of these experiments have all been based on gross observa- 
tions, however, so that it seems desirable to note briefly the sequence 
of events as seen in microscopic sections. 


« * 4, 
| 


478 EDWARD R. BALDWIN AND LEROY U. GARDNER 


In the course of another experiment it became desirable to know 
whether organisms of this strain when introduced subcutaneously into 
a guinea pig’s groin could be detected within the animal’s lung at varying 
intervals after infection. Experience had indicated that macroscopic 
involvement of the lung does not usually occur when small doses of 
bacilli are introduced by this route, but Krause has clearly demonsrated 
that they must pass through the lung by way of the lymphatic and 
venous circulation. As a control to this other experiment the work 
of Krause (76) was repeated in a somewhat modified form on a small 
group of seven animals. 

The guinea pigs were inoculated subcutaneously in the groin with 
0.5 cc. of a suspension of a three week’s glycerine broth culture of the R1 
strain of bacilli, so prepared that there were from three to five single 
bacilli to an oil immersion field. The animals were killed at intervals 
of five, twelve, eighteen, twenty-eight, thirty-nine, ninety-three and 
two hundred nineteen days after inoculation. The thorax was opened 
under strict asepsis; the left lung was tied by a double ligature at the 
hilum about the vessels and bronchi; section with a fresh knife between 
the ligatures allowed the lung to be removed to a sterile container. The 
right lung together with the tracheobronchial lymph nodes, was pre- 
served for histologic examination. ‘The left lung was then ground in a 
sterile mortar with physiologic saline solution and the entire quantity, 
usually from 3 to 5 cc. exclusive of the connective tissue framework, 
was inoculated subcutaneously, one-half into each groin of a second pig. 
* Animals of the second series were killed at intervals varying from three 
to six months, when gross and microscopic observations were noted. 

The animals of the original series showed a regular progression of 
lesion through the lymphatic system and spleen, as Krause has already 
noted. As might be expected, the general allergic state already estab- 
lished by a focus of disease in the inguinal lymph nodes becomes manifest 
in the reaction to those tubercle bacilli reaching the lungs and other 
viscera. As the number of bacilli reaching a given point within the 
lungs at any one time is so small, it is possible to study the sequence of 
the reaction step by step. The response consists of a localized inflamma- 
tory exudation of polymorphonuclears, fibrin, and a moderate number 
of mononuclear cells, probably derived from the vascular endothelium. 
There is also a proliferation of the lining alveolar epithelium which how- 
ever desquamates, dies and takes no other part in the reaction. The 
amount of proliferation of fixed tissue cells varies in different animals; 
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in some a rather irregular tubercle-like nodule forms and in other cases 
a few giant cells of the Langhans type are seen, but usually there are 
only small scattered masses of proliferated cells which are separated by 
areas of inflammatory exudate. Caseation was seen in only two animals 
and was extremely limited in amount. The lesions are generally localized 
about small vessels. Lymphoid hyperplasia occurs as in the inhalation 
infections. Tubercle bacilli could not be detected in stained sections 
after long continued search. 

Reinoculation into pigs of the second series, however, demonstrated 
that as early as the fifth day the lungs did contain tubercle bacilli capable 
of producing infection and that these bacilli continued to be present in 
such a state for two hundred and nineteen days after infection. In 
only one instance (thirty-nine days) did inoculation fail to demonstrate 
living bacilli in the lung of the animal of the first series. A larger series 
of animals would probably have shown that this failure was due to faulty 
technique, as it seems unlikely that there should be a period when no 
bacilli would be present in lesions which in no way differed from those 
preceding or following them. 

As the purpose of inoculation was merely the detection of viable 
bacilli the animals were not killed at any stated interval after infection. 
There was no evidence of an increase in virulence shown in the second 
series, the lesions in general corresponding with those seen in the original 
series. 

The tracheobronchial lymph nodes in both series were usually involved 
only with proliferative tubercle. Two animals of the original series, 
those of the thirty-ninth and ninety-third days, showed relatively small 
amounts of caseation in the centre of large masses of proliferative lesion. 
This might be explained by the large number of bacilli which had accumu- 
lated at that point. The lymph node lesions of the second series were 
all in various stages of healing. 

In conclusion it may be stated that the establishment of the primary 
focus in the inguinal lymph nodes has sensitized the whole body. This 
tissue sensitization is manifested as early as the fifth day by the type of 
reaction in the lungs to those bacilli carried there by the lymph and 
blood currents. The reaction consists of inflammation which largely 
overshadows any proliferative phenomena; caseation is negligible and 
only in rare instances when large numbers of bacilli happened to have 
reached a given focus. The failure to detect tubercle bacilli in stained 
sections may be explained as being the result of bacteriolysis occurring 
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in the inflammatory tissue, and possibly there is a change in the tinctorial 
properties of the bacilli. But that they are present in a viable state has 
been established by reinoculation. There is no evidence of any exalta- 
tion of virulence by a single animal passage. 

In view of the fact that the employment of small doses of this strain of 
tubercle bacilli so readily allows a study of the details of development, 
it is instructive to compare the primary type of reaction induced by 
inhalation with those secondary allergic reactions produced by tubercle 
bacilli spreading into a sensitized organ like the lung. Without con- 
sidering time relations, the lesions may be summarized as follows: 

The primary inhalation lesion is characterized by the formation of 
tubercles appearing first beneath the pleura, while the tubercle of auto- 
genous metastatic reinfection may appear at any point in the lung. 
The former are distributed by the air passages, and the latter by way of 
the blood vessels. Inhalation tubercles are formed by a proliferation of 
the fixed body cells which produce a nodule. This undergoes caseation 
and then heals by absorption. Autogenous reinfection by spread into the 
sensitized lung manifests itself as an inflammation which is accompanied 
by a moderate degree of proliferation on the part of the fixed tissues. 
Caseation with the doses here employed is very rare. What may be 
the ultimate outcome is not yet certain. Some of these lesions are 
abortive and rapidly disappear with little or no proliferation; others 
have persisted as long as six months and at that time are apparently 
in full vigor. 

When compared with the lesions produced by repeated inhalations, 
these autogenous reinfections present a more vigorous inflammatory 
response resulting in larger tubercles which persist longer. Probably 
the question of dosage is the explanation of this difference, inasmuch as 
the later inhalations were of larger amounts. 

Reference should be made to the pneumonic lesions so frequently 
encountered in these animals, as they might be confused with the pneu- 
monic inflammatory reaction of the allergic lung. The distribution of 
this nontuberculous pneumonia is characteristic; usually it is confined 
to the peripheral portions of the cephalic lobes and to the central portion 
of the median lobe. Most of the cases from which cultures have been 
made have yielded a pneumococcus and in rare instances B. bronchosepti- 
cus. Repeated attempts to demonstrate tubercle bacilli both in smears 
and sections have failed. 
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Histologically the process resembles that of the organization which 
sometimes follows an unresolved lobar pneumonia in human beings. 
The bronchi are filled with serum and polymorphonuclears; the alveoli 
contain large numbers of monoculear cells, polymorphonuclears and 
fibrin. The latter frequently extends through pores into adjacent 
alveoli. Peripheral to this may be zones of edema, congestion and 
perhaps hemorrhage. With the progress of the disease the fibrin 
becomes organized by the outgrowth of fibroblasts along the fibrin 
loops, so that each alveolus is filled with a loop of connective tissue. 
At the same time the alveolar walls are thickened and ultimately they 
may be transformed into a mass of connective tissue in which are irregular 
air spaces lined with cuboidal epithelium. The hyperplasia of peripheral 
lymphoid tissue does not occur as a result of this type of infection; but 
a preéxisting hyperplasia, the result of a previously established pul- 
monary tuberculosis, is not destroyed by a subsequent pneumonia of 
this origin. It seems probable that recovery from this type of infection 
may occasionally occur if the process has not been too extensive. At 
the tip of a cephalic lobe one rarely finds all the alveoli lined with 
cuboidal epithelium and resembling collecting tubules in the kidney. 
Such healed lesions have been regarded as the final stage of a chronic 
organizing pneumonia, but the intermediate steps in the healing process 
have not been observed. 


SUMMARY OF EXPERIMENTS 


Series 1. Reinfection of tuberculous guinea pigs with virulent human 
tubercle bacilli, after eleven and twelve months of arrested disease in the 
lungs and regional lymphatic nodes, produced a slower and less extensive 
disease than in the controls. This was confirmed by secondary sub- 
cutaneous inoculations of the old and recent tuberculous lung tissue and 
by microscopic study. Heavier dosage for primary infection after rein- 
fection eleven and twelve months later with virulent bacilli gave acontrast 
in the pulmonary lesions but otherwise less difference when compared 
with the controls, doubtless because of extensive primary infection. 

Series 2, Experiment 356 (a). Astrong primary infection followed in 
eighteen months by reinfection with the same culture failed perceptibly 
to increase the amount of disease in the lungs and glands. 

Series 3, Experiment 356 (b). Three successive infections with R1 
culture produced definite pulmonary and lymphatic tuberculosis with 
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evidence of fibrosis. The lesions were not as numerous as those in the 
control animals which had received the single infection at the time the 
second and third inoculations were given. A definite increase of lym- 
phoid tissue was noted in the lung periphery, corresponding to the more 
frequent and well resisted infections. 

A control test of the virulence of R1 culture, by subcutaneous inocula- 
tions, produced chronic generalized disease in 3 of 5 animals; but larger 
doses were used, and it is not probable that the culture was mixed or 
increased in virulence. 

The passage inoculations from one pig in this series were evidently 

virulent, and it is probable that the animal was misplaced from another 
cage. 
Series 4, Experiment 356 (c). This series was not reinoculated, but 
was exposed to granite dust inhalation with the result that after eighteen 
months healed tubercles were more prominent in the dusted animals 
than in the controls; but the dust had not spread the disease. 

Series 5, Experiment 356 (d). Reinfection with R1 culture after two 
years of arrested disease was apparently well resisted by the majority 
of the animals, as compared with the controls. The long interval is 
regarded as satisfactory proof of healed infection. 


SIGNIFICANCE OF THE TUBERCULIN TEST BEFORE AND AFTER 
REINFECTION 


The intradermic test has been considered a useful aid in determining 
the presence of tuberculous infection as distinguished from tuberculous 
disease. If given in full doses, from 0.005 cc. to 0.02 cc., in human or 
animal practice we expect some response, however slight the infection 
may have been. This is not invariably true, and our experimental 
work shows this fact; just as in observations on adult human beings 
some individuals are found not to react, although harboring old 
infections. 

In our first two series five tests were made at wide intervals,—sufficient, 
we thought, to avoid the possibility of a loss of tuberculin sensitiveness 
due to repetition. The majority of the surviving animals reacted but 
once or twice after the first infection, and not so markedly after the 
second as the controls. 

They were not tested until forty-one to fifty-five days after the second 
infection, when all would be expected to show new infection. The 
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allergic reaction after subcutaneous infection usually develops within 
eight to ten days, but with inhalation we found it required from twenty 
to forty days after primary infection to elicit a reaction. This was seen 
in our fourth series, where none of the animals responded to a primary 
low virulent infection on the seventeenth day. 

The phenomenon is quite different after reinfection as seen in series 
3, where nineteen days after the second infection a sharp reaction followed 
the smallest dose used (0.005 cc.). 

The most significant indication of the differences is given in the last 
series, table 6, where the controls gave no reaction on the tenth day 
following the infection, whereas the long arrested, reinfected animals 
promptly reacted. 

We can conclude that the latent allergic power was reactivated by the 
new infection; and that, except in occasional animals that escaped with 
little or no primary infection, the power to resist was present despite 
the absence of a tuberculin reaction to reveal it. Doubtless a subcuta- 
neous test would have caused a reaction at any time after the pri- 
mary infection, as in human beings,—provided a sufficiently large dose 
is used. There are individuals who have very slight skin sensitiveness, 
and in whom even subcutaneous injections fail to arouse reactions 
within the limits of maximum dosage as usually given. It cannot be 
safely inferred, however, that these persons or animals have never 
been infected. 

This is notably true of tuberculous cattle. It is generally assumed 
that a negative result of tuberculin tests in hdalthy subjects indicates 
one of two possibilities: that the individual has never been infected 
(chiefly true of children), or that the lesion is completely encapsulated 
and obsolete. We must also reckon on the incubation period of a recent 
infection; and we have seen that it can be shortened in reinfection, when 
the formation of tubercles is hastened. 


PHENOMENA OF REINFECTION 


The question is naturally brought up: Can the tissue cells ever com- 
pletely lose their ability to react more vigorously to the presence of 
tubercle bacilli after having once formed tubercles? 

We believe it doubtful. The experience of von Pirquet (80), Léwen- 
stein (81) and our own experiments with the conjunctival tuberculin 
tests (Baldwin (82)) point to the latency of sensitiveness. A tardy or 
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negative result from tuberculin applied to the skin or eye may be changed 
in a few days to a marked reaction on repetition of the same dose or less. 
In these experiments where an interval of nine months to two years has 
elapsed between successive infections, we have further evidence of 
prolonged latency of sensitization. 

Much the same phenomenon obtains, we may believe, in human 
reinfection, the pathologic changes ranging all the way from a small 
transient collection of cells to acute pulmonary or lymphatic infiltrations 
and pneumonias. The latter may be entirely absorbed, or leave behind 
chronic disease. 

The whole course of chronic tuberculosis from its inception throughout 
is inevitably influenced by these reactions. Von Ranke (83) has made 
a classification of tuberculosis on the basis of these successive metastatic 
changes. The underlying nature of sensitization is a field not to be en- 
tered here, but the changed reactions in tuberculosis are clearly due to 
intracellular qualities dormant for long periods. 


AUTOGENOUS OR EXOGENOUS REINFECTION 


Our experiments are, we believe, to be interpreted as solely exogenous 
reinfections, and so far as they show anything as to the possibility of 
natural reinfection in the animals they indicate clearly enough that it 
may occur when relatively large doses are given by inhalation. Primary 
intestinal infection as evidenced by mesenteric gland involvement was 
exceedingly rare in our animals, and the inference is justified that it 
played little or no part in the reinfection. The submental and cervical 
glands were occasionally found to be tuberculous from the primary 
infection, suggesting the simultaneous entry of the bacilli through the 
nasopharynx and trachea. The majority of the foci were found sub- 
pleural in the lung periphery, where, according to the anatomy ofthe 
parts, foreign particles deeply inhaled are likely to be held. It is the 
region where the bronchial cilia are absent.and the lymph stream in 
the human lung communicates with the pleural lymphatics (Miller 
(84)) and thence into the interlobular lymph channels toward the hilum 
glands. 

From the pathologic study we found both primary infections and rein- 
fections followed the above order, but with a difference. 

The second infection did not form the caseated tubercles with the 
regularity seen in the primary tuberculosis; instead, a localized inflamma- 
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tory reaction with a moderate degree of proliferation without caseation 
was the rule. The tracheobronchial glands suffered no further disease 
in the mild reinfections; in short, an abortive form of the disease followed, 
with some exceptions which can be explained either by overdosage or by 
absence of primary infection. 


We wish to acknowledge the valuable assistance in the course of the experimental work 
of Miss Hildegard G. Henderson and Mr. Richardson Murphy. 


PART II: REINFECTION IN ITS CLINICAL AND EPIDEMIO- 
LOGICAL ASPECTS 


Can we translate the knowledge of reinfection phenomena obtained 
in animals into terms of human tuberculosis? This has already been 
done to such an extent that some investigators and writers pronounce 
the belief that all tuberculosis orginates in childhood from primary 
infection which later spreads in the body. 

To assert this with confidence would be to ignore clinical facts; but 
to ignore the evidence of immunity would be equally narrow. 

It is with no feeling that a final statement can be made that we venture 
to bring together the evidence as to the origin of clinical tuberculosis. 
A full consideration of primary infection, its sources, virulence and 
amount, manner of entrance into the body, and its progress or arrestment, 
is needed to fully understand the ultimate issue. There are, besides, 
the factors of race, heredity, structure, disease, nutrition, environment, 
and a host of minor influences to bring into line. We shall limit our- 
selves to a few points in this essay. So far as animal experiments with 
the use of culture bacilli can hold, we must recognize some limitations 
in interpretation and not be too literal in applying the results. There is 
at present, growing out of the great war, an enormous clinical material 
available for studying the subject of infection. The chapter of pandemic 
influenza is also not yet closed as to its effect on tuberculosis. There are 
many recent contributions on all these subjects, and the epidemiology 
of tuberculosis is also being rewritten in the light of forty years of 
accumulated observations on infection. 


PRIMARY INFECTION AND ITS RELATION TO AUTOGENOUS REINFECTION 


It can be of little importance here to present the arguments for and 
against the different ways by which the bacilli of tuberculosis can get 
into the body. It will be granted that most primary infections enter 
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by the respiratory or digestive tracts. Doubtless there are some directly 
inoculated either into the skin or mucous membranes by slight abrasions, 
or even through the conjunctiva (Corper (85)). But by whatever 
channel, the lymph nodes sooner or later receive and harbor the 
bacilli, whether of human or bovine origin. It is even admissible that 
a few instances have been derived from avian sources (Koch and 
Rabinowitsch (86)). 

All experimental evidence points to the respiratory tract as the most 
important avenue of infection, except where bovine infection in children 
is unusually prevalent, as in Scotland and England (Griffith (87)). It 
- is reasonable to hold this view, inasmuch as inhaled bacilli are capable 
of infection in such small numbers as compared with ingested bacilli 
(Findel (88), Reichenbach (89), and Selter (90)). These statements do 
not minimize the importance of infection by way of the upper air 
passages and mouth. 

Frequent inhalations and repeated ingestions are readily conceivable 
in badly infected surroundings, so one need not dogmatize on that phase 
of the subject, since the result is the same and simultaneous infection 
through several channels is probable. 

There has been much controversy also over the question of tubercle 
bacilli dormant in the tissues, without the formation of tubercles, espe- 
cially in the lymph glands. 

The extensive work of Harbitz (91) showed that, in 18 out of 91 chil- 
dren, inoculations proved the presence of bacilli, most often in the cervi- 
cal lymph nodes without microscopic lesions present in the latter. These, 
were mostly in children under one year of age (10 of the 18). He believed 
that the bacilli might rest three to four monthsin the nodes. Macfadyen 
and MacConkey (92) inoculated mesenteric node tissue of 20 non- 
tuberculous children, with 5 positive infections. Rosenberger (93) also 
found latent bacilli in 6 out of 14 cases, both adults and children, who 
were nontuberculous. Goodale (94) reported 3 positive inoculations 
in 8 tonsils which showed no tubercles. Bartel (95) has contributed 
much to the subject of lymphoid tissue pathology in tuberculosis, and 
holds that the bacilli are weakened in virulence by residence in the 
nodes, often remaining three or four months with no tubercle formation. 

Hamburger (96) noted the time of development of tuberculin sus- 
ceptibility in children after exposure to infection and found that it came 
on very slowly, as in inhalation or feeding animal experiments. In 
3 of 15 cases in children Wolff (97) claims to have found Much granules 
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in the mesenteric lymph nodes, which seemed otherwise normal but which 
were positive for tuberculosis by inoculation. 

A number of observations on cattle have been made which show the 
presence of bacilli with absence of lesions (Rievel (98), Linnenbrink 
(99)). Joest (100) and Jonske (101), however, in bovine lymph tissue 
always found tubercles present when inoculations proved positive. 

The inference is fair that in primary infection, at least, tubercle bacilli 
may be carried slowly into deep seated lymph nodes and remain for a time 
without creating a cellular reaction. Whether they can multiply with- 
out causing some response is not certain, but the numbers found in non- 
tuberculous nodes are always few. During the supposedly dormant 
period the fate of the infection is decided for or against disease, however 
slight this may prove to be. In the event that the tissues are able to 
repel the bacilli, a lymphoid hyperplasia may follow without further 
lesion or evidence of tuberculosis, according to Bartel (95). 

We need not here consider the cases of manifest, progressive disease 
but only those which develop small primary foci in the lymph nodes. 
These probably cause few or no symptoms, and in a brief or longer period 
disappear, become fibrous or calcified. 

Since our study relates to healed or arrested tuberculosis, these primary 
foci, mostly found in the cervical, tracheobronchial and mesenteric 
nodes, are of special interest in their bearings on reinfection. 

Kiiss (102), H. Albrecht (103) and Ghon (104) are the principal authors 
who have made a careful search for primary lung foci in children and 
their studies have brought complete confirmation of the so called “law 
of Parrot.” This law is in effect that tuberculosis of the tracheo- 
bronchial nodes is always accompanied by a focus in the lung, and vice 
versa. 

It is to Kiiss that we are indebted for the first clear cut conceptions 
of inhalation infection in children, in whom we must look for the 
earliest evidence of infection. He found, asin experimental inhalation, 
that the primary focus was usually subpleural and the chain of bronchial 
lymph nodes became involved in succession toward the hilum and with 
increasing intensity as the disease progressed. Caseation of both the 
original focus and the lymph nodes is the rule in primary infections, 
which, if completely arrested without softening and ulceration, become 
fibrous and calcified in time. The primary focus in the lung is some- 
times too small for recognition in gross sections; and no doubt there are 
instances of entrance of the bacilli into the lung parenchyma without 
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persisting traces of anatomic change. For an exhaustive study of this 
subject the reader is referred to the monograph by Ghon, who also 
reviews the work of Kiiss and others (105). 

For our purposes a consideration of these primary infections in the 
lung, as the most common source of old calcified and fibrous tuberculosis 
of the bronchial and mediastinal group of lymph nodes, appears justified. 
Pulmonary tuberculosis in the adult can no doubt be connected causa- 
tively with other than inhalation infection, yet reéntrance of the bacilli 
by other channels cannot be of frequent occurrence in the classic type 
of apical tuberculosis when no signs of involvement of regional nodes 
are found elsewhere. Primary lung foci have been demonstrated in 
adults in a few cases; Ghon and Pototsching (106) cite four such cases 
recently, but they are rare in Europe, and resemble the usual childhood 
type in their progress and involvement of the tracheobronchial nodes. 
As to the frequency of the primary lesion in the lung as compared with 
the other pathways, Ghon’s figures are impressive: In 185 cases, 162 or 
88.05 per cent were traced to the lung; in 155 of these the primary focus 
was demonstrated by microscopic examination. One case was traced to 
the tonsil, 3 to the intestine (ileus), 1 to the skin, and 15 to another 


organ simultaneously with the lung, 13 of which were in the intestine. 
In 2 the focus could not be traced. Canti (107) looked for primary 
lesions in autopsies on children up to ten years of age. He found 16, 
or 19 per cent, showed tuberculous lesions, confirming Gohn’s description. 


CALCIFIED REMAINS OF FORMER TUBERCULOUS FOCI 


Pathologists have been accustomed to regard the completely fibrous 
and calcified tubercles, found frequently in otherwise nontuberculous 
subjects, as incapable of causing new foci. There are exceptional 
instances of ulceration into the wall of a vein, but these are often only 
partly calcified tubercles and contain caseous or purulent material. 

The completely obsolete tubercle is not, as a rule, uniformly infectious 
for guinea pigs, but even this delicate reagent may fail when a few living 
but feeble bacilli are inoculated. The study of these remains of first 
infections has been revived in recent years, particularly since the dis- 
covery by roentgenography of their enormous frequency at all ages. 
Lydia Rabinowitsch (108) has given much attention to the virulence 
and types of bacilli in the encapsulated old tubercles. In 44 per cent 
of 34 calcified glands she obtained positive inoculations. She also 
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found 5 atypical bovine forms in 37 cases. In a thorough review of the 
subject she concludes that the encysted bacilli found in subjects other- 
wise tuberculosis-free are no less virulent than sputum bacilli (or bovine, 
as the case may be). 

Schmitz (109), on the contrary, found 7 of 26 calcified tubercles 
positive on inoculation, but of weak virulence. In support of this, he 
found no increase of virulence by passage from one guinea pig to another. 
Six of 8 chalky, soft tubercles, were also positive. 

Wegelin (110) made histological examinations of 12 calcified tubercles 
from various lymph nodes, treating the tissue with antiformin, decalcify- 
ing and then staining. Four positive cases were demonstrated, and of 3 
chalky foci all were positive. In his opinion the bacilli in such lesions 
would be mobilized with difficulty. 

In cattle and swine calcified tubercles are found to a much gregter 
extent and may be present even in rabbits and guinea pigs in chronic 
tuberculosis. 

They occur at relatively young ages in calves, and the lime salts are 
deposited in younger tubercles than in human subjects. According to 
Lubarsch (111) calcareous remains of tubercles are rare before the third 
year of life in children. It is recognized that such lesions may be the 
remains of other parasites, and microscopic or inoculation tests are nec- 
essary to prove their tuberculous origin (Beitzke (112)). 

Notwithstanding the absence of the last mentioned criteria, the find- 
ings in X-ray negatives are so characteristic and have been so abundantly 
confirmed by microscopic examination, that the great frequency of these 
remains of early, healed infections is now well recognized. Naturally 
it has always been difficult to find primary foci at the postmortem table, 
where extensive disease usually obscures all traces of early stages. 

The localization of primary foci in the child is important in contrast 
to tuberculous disease of the adult, in that the former may occur in 
any part of the lung, whereas the apical tuberculosis is the predominant 
type after childhood. 

These facts have been brought more clearly to view by the combined 
X-ray and pathological studies of Opie (113) in recent years. Roentgeno- 
grams of the lungs of a large number of adults and children were made 
after death, with remarkable revelations of first infections of the lungs 
and tracheobronchial nodes. These foci were very often quite extensive 
and in all stages of calcification. In his first study he concluded that 
focal tubercles identical with those of children were found in 92 per cent 
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of all adults, which ‘‘may have been acquired between the ages of two 
and ten years, but in more than half of all individuals (in St. Louis, 
Missouri) makes its appearance between the ages of ten and eighteen 
years.” 

He also comments significantly in his summary: “‘ Tuberculosis in 
children does not select the apices of the lungs, is accompanied by massive 
tuberculosis of regional lymphatic nodes, and exhibits the characteris- 
tics of tuberculosis in a freshly infected animal.” He also finds that 
the lung lesions tend to heal with increasing frequency between the 
ages of ten and eighteen, owing to the higher percentage found 
between those ages. 

In a later study (114) of 66 British soldiers who died in France he found 
18 with caseous or calcified mesenteric lymph glands, and in the latter 
rarely any focal diseasein the lung. The inference is plain that intestinal 
infection from bovine sources is more frequent in Great Britian, 
since no instance of healed mesenteric tuberculosis was found in 50 
adults in the St. Louis study. Furthermore the absence of focal disease 
in the lungs when the primary infection occurred through the intestines 
points to the protective influence of the first infection. 

The contributions of Opie are especially important because they 
confirm the experimental observations in several respects, and differen- 
tiate the characters of primary and secondary infections very sharply. 


AUTOGENEOUS REINFECTION 


The question to be decided by our study, if possible, is how often the 
healed tubercles just described are responsible for the successive invasion 
of tubercle bacilli into the other parts of the lungs or distant organs. 
We have learned from pathological studies that there are various degrees 
of healing in a caseated focus. These may range from the stage of 
recent caseation and fibrous encapsulation to a hard, calcified nodule or 
softened debris ready to break through into a vein or bronchus. We 
have also seen that among city dwellers at least, where large numbers 
of hospital autopsies are made, the percentage of healed primary tubercles 
steadily increases from the age of the two to eighteen, after which evi- 
dences of previous infection are practically universal among this class of 
people. 

It seems clear that the majority of early infections after the second 
year, whether single, multiple, or cumulative, are mild in effect. Either 
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quantitatively or qualitatively they are insufficient to generalize in the 
body; or, as some profess to believe, the glandular system in childhood 
is so constituted as to arrest tubercle bacilli better thanin adults. There 
is no real basis for such a belief, so far as we know, and it may easily rest 
on the false interpretations of the immunophysiology involved and the 
amount of the infective virus present. 

In point of fact, there is reason to think that successive, small exo- 
genous infections do occur in young children, which act as preventives 
of severe infection up to a certain degree, or which finally break down 
the resistance until a chronic disease is developed. There is experimental 
evidence with calves to support this; and our own observations with 
repeated inhalation infection with low virulent bacilli tend to the same 
conclusion. 

The pathologists have long distinguished between the pulmonary 
tuberculosis of childhood and adults, and volumes have been written 
to account for the apical disease of adults in contrast to other sites of 
the disease in children. The apical adult disease may have the charac- 
ter of a primary lesion like that in children, but does not as a rule; and 
disputes have long raged whether it is of aerogenous or hematogenous 
origin, both of which are admittedly possible. 

There is also the chance that the apex may be involved in an extension 
from the cervical and supraclavicular lymph nodes across the pleural 
surfaces. There are.some who believe that a back flow or retrograde 
current of lymph may carry bacilli from the tracheobronchial nodes into 
the apices as a result of obstruction from disease at the hilum. As 
Tendeloo (115) has shown, there are physiological reasons why the apices 
are more favorable both for aerogenous and hematogenous infection. 
The blood and lymph movement is more rapid in the bases and tends to 
to sweep along the foreign particles that may then lodge in the slower 
stream at the apex. By whatever route the bacilli gain entrance into 
the blood, it may be expected that the cranial portions of the lungs will 
be more endangered. On the other hand direct lymphogenous metasta- 
sis not infrequently spreads from the hilum glands peripherally into the 
lung, and we know that autogenous reinfection occasionally follows the 
erosion of an old focus and the aspiration of its contents, to be absorbed 
again from the bronchi into the interlobar lymph spaces. 

What proportion of the old foci is then responsible for the clinical 
disease of adults? 
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Some years ago it was thought that the tuberculin test would tell us 
who was in danger of developing clinical tuberculosis. It has proved 
valuable in calves within limits not well defined. It is too delicate for 
human beings and except for young children does not distinguish clearly 
between recent and old infection. The positive reaction is found too 
frequently in adults to make any discrimination possible. The oft 
quoted experiment of Franz (116) with recruits for the Austrian army 
is an illustration of the difficulty. Of 1002 men tested in 1902 by sub- 
cutaneous injections (doses of 0.001 to 0.003) 68 per cent of those who 
came from localities with much tuberculosis reacted.. From healthier 
towns, 38 per cent were positive. During the following three years 46 
developed open active disease while in military service, and after another 
period of four years, 18 more. Of the total number, 64, who became ill 
in seven years, only 46 had reacted originally to tuberculin. The dose 
of tuberculin was doubtless often insufficient to produce a reaction; but 
the evidence, so far as it applies to the development of clinical disease 
from latent infection, was not favorable to such a theory. 

. The experience with the subcutaneous test at the Trudeau Sanatorium 

is also applicable to this question. Brown and Heise (117) report 280 
reacting cases which were traced after discharge. All had a history of 
some symptoms but the diagnoses were uncertain, and in most cases the 
patients were under treatment only for short periods. After five years, 
41 or 18 per cent had developed further disease, and 6 had died of tubercu- 
losis—a very small proportion. 

A study of recent literature reveals attempts to answer this question 
from the pathological and clinical experience in the great war. Agree- 
ment is not very noticeable except that the majority of active tuber- 
culosis developed while in military service is ascribed to preéxisting 
infection, whether recent or remote. Most wounds of the lung failed 
to arouse old foci into activity; those instances that were recorded could 
be attributed to a recent or “active” latent disease (Frischbier (118), 
Orth (119), Bernard (120), Tecon (121)). 

Trauma and excessive strain or exposure have the most important 
bearing on the breakdown of incompletely healed foci. Hemoptysis in 
hitherto healthy persons is a familiar example of the onset of metastasis 
from a dormant lesion, whether due to the above mentioned influences 
ornot. Belief in the mobilizing of tubercle bacilli from a hard calcified 
focus has but little support, considering the great number of healthy 
individuals who carry them through life. We must rather look for the 
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source of metastasis in the incompletely healed caseous foci or in those 
which have become softened and ruptured. Trauma and strain, as well 
as diseases involving the same organ, can hardly fail to endanger such 
foci. 

It is obvious that the more recent the primary infection, the greater 
the danger from a partly healed focus; and, furthermore, the more 
virulent or the larger the dosage in the first infections the less one 
should speak of healed tuberculosis, however free from symptoms the 
individual may be. ‘The line between healed foci and latent disease is 
very indistinct. 

In this respect many persons infected with tuberculosis, especially 
children, are in the same condition of ‘‘labile infection” that a chronic 
malarial subject suffers (Schilling (122)), because the parasites are 
dormant. A long period may pass without symptoms when a relapse 
may occur in consequence of an intercurrent disease, exposure or over- 
strain. 

How often do we see children enjoying good health for prolonged 
periods, but with intervals of febrile disturbances, short attacks of 
bronchitis or gastrointestinal disorders, without adequate cause? 

It is a subject of increasing interest to pediatricians when these 
symptoms occur in children giving positive tuberculin reaction and 
suspicious hilum shadows in the roentgenogram. As they pass over 
adolescence into full maturity it should cause no surprise if a considerable 
number should develop autogenous metastases. 

The statistics of the Trudeau Sanatorium furnish valuable evidence 
of autogenous reinfection covering patients of sixteen years of age and 
upwards: If we select only the cases discharged apparently “cured” 
and apparently “arrested”, during thirty-five years, 45 per cent of those 
traced are well and 38 per cent are dead. There are 11.6 per cent 
classed as “living,” and in 5.3 per cent their condition is unknown 
(vide 36th Annual Report). 

The mortality from this selected class is from two to three times the 
expected rate, according to Brown (123), and in from 60 to 70 per cent 
of those who died the cause was tuberculosis. 

So far as these figures apply to latent and inactive disease, they show 
the relapsing character of preéxisting foci. If it be maintained that 
new infection from outside relighted the old disease, the evidence is all 


against the supposition. 
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It is also of interest to note that ten years after discharge the mortality 
rate of these patients as compared with the general popluation is not 
as high, an indication of complete cicatrization and healing of the foci 
in those who did not relapse. 

According to the theory of lessened tuberculin sensitiveness coinciding 
with greater susceptibility to reinfection, the long healed patient should 
again be liable to exogenous infection, yet in the above mentioned 
statistics there is no foundation for this belief. This “positive anergy” 
‘(von Hayek (124)) must be distinguished from the negative phase of 
immunity (see p. 502). 

Statistics have been adduced by Ritter and Vehling (37) to connect 
childhood infection with adult disease, from sanatorium histories of 200 
patients. There were 165 or 82.5 per cent who gave histories of positive 
tuberculous symptoms or strongly suspicious illnesses in youth. It was 
also noted that those who had early symptoms of infection were in 
earlier stages and in a more favorable condition. Of those with family 
exposure to tuberculosis in childhood, 32 per cent were in the third stage 
(Turban scale), whereas 43 per cent of those with no such exposure were 
in the same stage. The inference from the last statement is that the 
disease was due to recent infection and was acute from the onset. 

Bruck and Steinberg (125) investigated 300 cases of tuberculosis in 
Breslau in as many different families where the histories were considered 
reliable. There were 90, or 30 per cent, charged directly to childhood 
infection. There were 102, or 34 per cent, without childhood exposure 
but with definite adult exposure, and 35, or 11.7 per cent, who lived both 
periods under exposure. In 73 cases, 24.3 per cent, no source could be 
discovered. (In passing it is worthy of mention that in these families 
43 persons were found who had been fully exposed but who did not 
develop the disease.) : 

Hillenberg (126) studied 1000 cases of tuberculosis in the city o 
Leitz from the point of view of the time of infection. He attributed 
58.6 per cent to sources of infection unknown; 26.9 per cent were in close 
contact with tuberculous patients. There were none of 101 cases classed 
as “‘severely infected” in childhood who lived over 40 years; hence those 
who lived 45 years or more he ascribed to infection later than childhood 
unless there was a history of family disease. 

Tillisch (127) also presents the study of 841 cases, among which 168 
or 20 per cent were traceable to family infection in childhood up to the 
twelfth year. Clinically recognizable tuberculosis was found in 107 
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who had no opportunity for infection at home in infancy, but 25.5 per 
cent of these had later exposure outside their homes. Of 156 patients 
there were 69 or 44 per cent who were classed in point of time as late 
family infections, not having had childhood exposure. 

Ward (128), who studied tuberculous infection in an English rural 
district (South Devon) cites 316 adults over 16 years. He attributes 
140, or 44.3 per cent, to immediate infection, that is, recent (?). There 
were 112 not traceable, and 20 doubtful. 

When we review the reports of tuberculosis developed during the war 
it becomes more evident that little was due to fresh infections. Répke 
(129) considered 90 per cent of the cases due to reactivation of latent 
foci. H. von Hayek (130), howeyer, in 1917 reported on 1100 tubercu- 
lous soldiers and claims that he had seen a large number of cases in which 
no suspicion of previous infections could be extracted from their histories. 
Only 40 per cent had a family history of tuberculosis. Ina later analysis 
of 2013 cases in 1920 the same author (131) makes the significant admis- 
sion that most. of those considered free from tuberculous infection 
before military service were the acute cases, whereas the “‘ predisposed” 
patients (1633 cases) seemed better protected against severe disease. 
Zadek (132) and Schmid (133) confirmed these observations. L. 
Jacob (134) also reports 40 severe cases with only 11 manifesting sus- 
picious symptoms in their past histories. Miiller (135) considered that 
the army tuberculosis confirms the hematogenous theory of the extension 
of tuberculosis from latent foci. Less chance of infection existed, be- 
cause open cases were generally kept at home. 

The pathological examinations of soldiers are theoretically a better 
criterion of the frequency of latent tuberculosis liable to cause metasta- 
ses than clinical histories. 

In all the armies the haste necessary in autopsies made careful search 
impossible. Carl Hart (136) reported 601 men who died of wounds, 
accidents or acute infections. Twenty-eight were found tuberculous. 

-Disregarding these, 196, or 34.2 per cent, of the other 573 showed signs 
of latent infection. Of the latter, 151 cases or 26.8 per cent appeared 
obsolete. From these and other considerations he does not believe 
childhood infection as a rule to be the source of endogenous reinfection 
yet there was not clear proof of any recent infection while in army 
service. 

Beitzke (137) found five to six times more acute cases in the autopsies 
of soldiers in 1919 than in civilians. Twenty-nine per cent had both 
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primary and secondary lesions, that is, caseous lymph nodes as seen in 
children. One-fourth of the 120 fatal acute cases with caseous glands 
possibly acquired the infection in the army. G. Gruber (138) found 
20.8 per cent of latent tuberculosis in his army sections, many of which 
he thought might flare up into fresh disease. 

The examinations of Opie have already been mentioned. It has been 
reported that other American pathologists found but few healed latent 
tuberculous lesions in the men dying from wounds or other diseases 
in the American Expeditionary Force (Webb (139)). This fact is 
undoubtedly to be associated with the elimination of thousands of 
suspected or actually tuberculous recruits during the draft or army 
examinations. Unfortunately there were not many autopsies in which 
a careful search was made for tuberculous foci, although according to 
Webb about 2000 were satisfactorily examined with rarely positive 
findings. Glomsett (140) reported 44 in 308 autopsies and later 54 
cases, or only 16.6 per cent of all cases carefully searched (Bushnell 
(141)). 

Robertson (142) found less than 25 per cent in American soldiers, but 
when working in Germany in 1914 he made 100 autopsies of German 
soldiers, including older men, and found in 70 per cent of them tubercu- 
lous deposits in lungs or bronchial nodes. Reports from the other armies 
are not available to us, but it is obvious that little new can be learned 
from them, owing to the difficulties of such research. 

The main question of course hinges upon the number of tuberculous 
lesions that might be regarded as sources ofautogenousreinfection. It 
was generally admitted that wounds of the chest were rarely followed by 
a tuberculous outbreak. Leon Bernard (120) published observations 
on 475 pulmonary injuries, including 379 chest wounds and 49 thoracic 
contusions. Only 3 of the first were complicated with tuberculosis, 
while 6 per cent of the latter developed the disease. 

The war gas poisoning was also a negligible cause of awakening latent 
tuberculosis in all the armies. 

The experience of Tecon (121) with interned soldiers in Switzerland 
is noteworthy in the same connection. Among 27 men with penetrating 
wounds of the chest, 5 or 18.5 per cent developed open tuberculosis. 
Nevertheless, among 1033 cases of lung disease treated in Leysin, 53 
or 5.1 per cent had penetrating wounds of the chest; but among the latter 
only 1.1 per cent had open tuberculosis. Contusions were recorded 
in 15, of whom 7 had open disease and 2 clinically positive tuberculosis. 
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The opinion is therefore expressed that blows on the chest are more often 
exciting causes of reinfection. 

The examination of 2,754,000 men between the ages of eighteen and 
thirty by the United States draft boards, however imperfectly done, 
constituted in itself a colossal statistical study of the prevalence of 
pulmonary tuberculosis in the United States. There were 82,000 rejec- 
tions for tuberculosis, a rate of 30 per 1000. There were 55,631 frank 
cases recorded, and 17,119 cases of suspected tuberculosis or ‘‘ weak 
lungs.”® In addition there were 9312 cases of tuberculosis of other 
organs than the lungs (143). 

A little reflection will emphasize the importance of these figures in 
terms of latent tuberculosis, whether due to autogenous or exogenous 
infection. So far as pulmonary tuberculosis was correctly diagnosed in 
apparently healthy men, disregarding the frank cases, one must assume 
that there had been a metastasis of a former infection or a new exogenous 
infection, in their lungs, and, according to prevailing ideas, implanting 
itself in the apices. 

In either event the result was the same,—assuming that no symptoms 
were present: they were already quiescent or arrested lesions, probably 
many completely healed. 

It was practically impossible to follow up these rejected men although 
an effort was made by tuberculosis associations to do so. 

On the part of the Army it was to be expected that the proportion who 
would develop tuberculosis in an active form would be very small. 
This was in fact true, and except for those who broke down early in 
their service,—who may be regarded as latent cases previously over- 
looked,—the later ones may be ranged in the category of new exogenous 
infections. An effort was made by Webb (139) to secure evidence to 
support this latter view by reasoning that many young men in the 
American Expeditionary Forces were not previously infected and there- 
fore received a severe primary infection while in France. 

This point he supported by the death overseas of 300 men from acute 
forms of tuberculosis. Bushnell (141), however, combated this view on 
the ground of the general failure of the pathologists to search sufficiently 
for remains of old infections, as well as the recognized immunity to 


6 Among the first million men accepted by the draft boards were 14,000 who were rejected 
later by the special tuberculosis examiners of the army, and about 4000 were dismissed from 


subsequent drafts. 
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exogenous infection of the civilized white race. Acute secondary 
tuberculosis could also result from Army service conditions. 

Downing (144) also reported 115 autopsies of men dying of tuberculo- 
sis in two Army hospitals in the United States. Half of the cases had 
been overseas, the remainder in various camps in this country. Only 
one case of acute primary tuberculosis was discovered, and this a colored 
man from overseas. 

It must be considered that opportunities for massive infection by 
contact were undoubtedly present and might be considered important 
under service conditions in crowded quarters accompanied by filth. 
The real question is whether any considerable number of tuberculous 
soldiers were seriously infected in this way, and whether this infection 
was so severe or frequent as to overcome any acquired resistance which 
they might possess from previous infection and thus simulate the course 
of a primary infection. Secondly, it is to be questioned whether inhaled 
bacilli were responsible for many cases. 

The matter can be presented another way: Is it not entirely possible 
in view of the disclosures made by the wholesale examinations, that the 
natural course and intermittent stages of progress and quiescence of an 
early infection finally came to an acute stage under the war strain? 
Inasmuch as we are obliged to depend to such an extent on statistical 
data of clinical material for hints of the truth, it will naturally be asked 
whether or not the 3 to 6 per cent (variously estimated) of any group 
of supposedly sound men between eighteen and thirty years of age, who 
are found to have some signs of pulmonary tuberculosis, can furnish the 
entire crop of clinical cases without acquiring additional infection from 
new sources. 

In short, do they acquire more exogenous infection to make them 
actively diseased, or is it only necessary to activate what they have 
previously acquired?’ Before attempting an answer, there are even 
better opportunities now available to decide this question. 

Among these are the revelations of systematic examinations recently 
inaugurated in the United States, notably the Michigan Tuberculosis 


7 According to Orth, (145), the well known Berlin pathologist, the early infections predis- 
pose to later exogenous ones, in that way explaining why early contact with bovine tubercle 
bacilli may pave the way for a human infection. At the same time he holds the belief that 
a gradual transformation is possible of the bovine into a human type of bacillus by prolonged 
residence in the human body. Neither view has wide acceptance, nor is either supported by 
direct evidence. 
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Survey, (146) the Framingham, Health and Tuberculosis Demonstra- 
tion, (147) and the work of the Life Extension Institute. These agencies 
and the tuberculosis clinics have found and are bringing to light numerous 
inactive, closed pulmonary cases which are to be classed as potentially 
diseased without additional infection from outside. 

In the Michigan Survey of 1915 and 1916, 11,528 persons were exami- 
ned and 2914 diagnosed as positively tuberculous, 3231 as “suspicious” 
and 404 listed as “arrested cases” (146). 

If the figures of the city of Framingham are taken as an illustration, 
there is an ample number of such cases to furnish the yearly mortality 
from tuberculosis. It has been customary in the past to estimate the 
number of living tuberculous persons at from 3 to 5 for each death. 
Counting both active and arrested cases discovered during the first 
two years of the survey in Framingham, a typical American city, the 
ratio was 21 living cases to 1 death. 

At the end of 1920 the total number of “‘arrested cases” under observa- 
tion was 120 in a population of 17,033, of whom 13,000 had had some 
sort of examination (148) including infants, school children, and em- 
ployees in industrial establishments, and representing all ages. In the 
medical examination up to November, 1918, there were only 38 per cent 
of those examined between the ages of fifteen and forty-four, out of a 
total of 4473 individuals (147). The age percentages of later examina- 
tions are not yet available. The arrested cases are nearly all pulmonary 
and chiefly adults, and therefore the oem are more impressive in 
relation to the adult population. 

It is to be noted that many suspected and contact cases were found 
but were not included in the list of “arrested cases”. The total inci- 
dence of active and arrested disease for the first four years was 2.15 per 
cent of those examined, varying greatly with racial groups (149). 

The special value of the Framingham study is that the work covers 
four years and is continuous. The fate of the arrested cases, of whom 
50 per cent gave no history of previous symptoms, will be followed 
with interest, since practically all, 115, were at full time work in 1919 
(150). <A total of 356 tuberculous cases was brought to light, many 
of whom had had long histories of symptoms. The conclusion is given 
by Armstrong from the experience of four years that at least 16 per cent 
of all the discovered tuberculosis cases will be fatal (151). 
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INTERCURRENT DISEASES OF THE LUNGS 


The influence of inflammatory affections of the lungs and bronchi 
has been studied with the object of determining the number of those 
in whom latent foci are activated. The influenza epidemic of 1918-1919 
was possibly the best opportunity ever presented for these observations. 

Fishberg (152), soon after the epidemic, had not seen evidence of la- 
tent tuberculosis awakened by influenza. Only 4 per cent of the arrested 
cases under observation at Framingham had influenza, and they not 
severely (Armstrong). In following up 220 cases of influenza in Buffalo 
which had respiratory sequelae, only 8 new cases of tuberculosis were 
found (Gram (153)). On the other hand, Berghoff (154) reported 6 
healed or quiescent cases activated out of 13 tuberculous soldiers in 
an army hospital. 

Borst (155) reported 133 deaths following influenza, 33 of which were 
of soldiers. In all, 11 showed fresh tubercles traced to older foci recently 
inflamed. Altogether, 49 had old chalky deposits in lymph glands or 
cicatrices in the lungs. 

Amelung (156) records the fact that in 36 cases influenza revealed 
tuberculosis for the first time, and in 21 patients there were no previous 
symptoms traced. : 

Kayser-Peterson (157) saw 7 cases of tuberculosis aggravated and 
believed that influenza caused new tuberculous processes to develop 
about the centre of the lung. 

O’Reilly (158) considers that of his 416 cases of tuberculosis, 112 
began with influenza. 

Wiirtzen (159) treated 26 cases of tuberculosis developed by influenza, 
of which 20 were of an acute type. 

Kieffer (160) cites 30 cases in which immediately or after some weeks 
following influenza a severe, acute, and in many cases fatal tuberculosis 
ensued. Many were previously strong healthy young people, and both 
sexes were represented. Others already known to have a history of 
tuberculosis, or suspected of it, when relapsing on account of influenza 
were markedly milder and more favorable in their course. 

Mason (161) reports as a result of a survey of 7058 persons in Cin- 
cinnati on the after effects of influenza, that the 183 tuberculous cases 
discovered were nearly all new and hitherto not reported to the board 
of health. Only 61 were confirmed by sputum or X-ray findings, how- 
ever,—less than 1 per cent of the total. 
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Douglass and Brown (162) give a report on the Ohio State Sanatorium 
experience. Of 615 patients admitted since 1919, 40 per cent attributed - 
their active symptoms to influenza, and of these latter 67 per cent had 
no history of tuberculosis previous to the epidemic of 1918; the remainder, 
33 per cent, were classified as reactivated. Of all the patients, 62 per 
cent had a positive sputum. 

Sloan (163) collected statistics from twenty-nine sanatoria and tuber- 
culosis hospitals in the United States, covering 7871 ‘‘bona fide” cases 
of tuberculosis admitted from October 1, 1918, to October 1, 1919, and 
27 per cent of these had suffered from influenza. Of these, 54 per cent, 
or 15 per cent of the total, gave a previous history of clinical tuberculosis. 
Boisliniere (164) found the same percentage in 409 cases of proved active 
tuberculosis admitted to Mount St. Rose Sanatorium. 

Heise (165), from the histories of 251 patients admitted to the Trudeau 
Sanatorium from October 1, 1918, to October 1, 1919, traced the onset 
of their disease to influenza in 52 cases. One-half of these were positively 
diagnosed who had no symptoms prior to the influenza. Nine cases 
were found to be nontuberculous, leaving nearly 10 per cent of all 
admissions chargeable to influenza. 

Making due allowance for mistaken diagnoses in the clinical statistics, 
the combination of influenza and the strain of the war in 1918 furnished 
a large harvest of active tuberculosis which is still being reaped. 

Nearly all sanatoria reported vastly fewer cases of influenza among 
their patients under treatment at the time of the epidemic. Some, 
indeed, ascribed this fact to a relative immunity possessed by the tubercu- 
lous. There was, however, little evidence of this among those who were 
under the normal conditions of life and its strain, and ignorant of their 
tuberculous infection. The time is still too short to estimate the number 
of active cases of tuberculosis fairly chargeable to the first epidemic 
of 1918. Sanatorium statistics alone will not suffice, because many of 
the tuberculous do not come under their care and often no diagnosis 
is made. 

Moreover, there is a large number whose active symptoms are transi- 
tory and if known will be concealed or forgotten, possibly never to return. 
It is sufficient here to point out the coincidence, if nothing more, of 
influenza and tuberculosis. 

It is unnecessary to dwell on the connection of measles and whooping 
cough with the activation of tuberculosis. They relate for the most part 
to children and youths who may be supposed to harbor recent tubercu- 
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lous infection. Therefore, they may really be considered intercurrent 
diseases in the course of a developing tuberculosis, aggravating the 
inflammatory process in the lymph nodes and mechanically (by coughing) 
hastening the blood and lymph stream. Other explanations are also 
advanced to account for tuberculosis developing after diseases like the 
exanthemata, influenza, typhoid, etc. ‘They are comprehended under the 
term anergy, in contrast with allergy, the term coined by von Pirquet to 
denote the changed reaction after infection. 


ANERGY 


Efforts have been made to explain activated latent tuberculosis on 
an immunological basis. Von Pirquet first called attention to the loss of 
tuberculin skin sensitiveness during the height of an attack of measles. 
The same phenomenon was noted during scarlatina by Rolly (166), 
and at the height of influenza in children by Shiff (167). This was 
observed by Berliner (168), Miiller (169), and Bloomfield and Mateer 
(170) in adults. Nobecourt and Paraf (171) made Pirquet tests on 
100 pregnant women at different periods, and after delivery made weekly 
tests. In 15 of 68 positive reactions, there was a disappearance or 
diminution of the reaction after labor, which returned in twenty-five 
to thirty-five days. 

It cannot be denied on theoretical grounds that when the specific 
resistance is depressed, as shown by the temporary loss of sensitiveness, 
it can be a factor in permitting living bacilli to spread. It seems 
to us, nevertheless, that it is too temporary to be important, or at 
least that it is of secondary importance to the mechanical dissemi- 
nation of the bacilli. In fact Berliner (168) still obtained positive com- 
plement fixation reactions in the blood of patients who had lost the skin 
response. : 

When the new foci are formed their character may well be influence 
for good or ill by the weakened reaction of the tissue cells. 

A prolonged delay in the response to tuberculous reinfection can be 
understood and is probable in the presence of extreme debility such as 
occurs after exhausting illness, hemoptysis, etc. Holmes (172), however, 
showed that tuberculin sensitiveness was high at the clinical onset 
and became higher as the disease advanced. It is well known, of course, 
that sensitiveness diminishes in the terminal stages or in acute miliary 
tuberculosis. On the other hand, a diminution or loss of reaction after 
healing of tuberculosis is undoubtedly a favorable omen. 
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The matter is highly complicated and we are prone to speak of 
‘reduced resistance” without a clear conception of its mechanism in 
accounting for an activated tuberculosis. We recognize this state in 
diabetic and malnourished persons; likewise in those who undergo 
nervous, emotional or mental stresses. The alarming increase of clinical 
tuberculosis in the warring countries brought into play nearly every 
factor in the accepted etiology of tuberculosis. 

Anergy in this sense must be accepted without further definition. 
Antityphoid immunization was definitely associated with tuberculin 
anergy by Mayer (173) and with outbreaks of clinical tuberculosis in 
soldiers by Schréder (174) in 46 out of 62 cases, but Mayer saw no such 
effect in incipient cases. 

Jacob (175) observed 106 cases of tuberculosis in soldiers, butnone 
developed after the antityphoid inoculations; and in spite of the exagger- 
ated press accounts in the United States no definite connection has been 
established. Coincidences must be taken into account in all observations 
of this kind. 

The awakening of old foci in organs other than the lungs also deserves 
mention. It is in these cases of dormant disease in the joints, bones, 
genitourinary tract and meninges that the question of exogenous rein- 
fection need not be raised. They are frankly metastatic except in a few 
cases of wounds of the skin directly inoculated from outside (Orth (119)). 

In metastases the frequent rdle of trauma and excessive strain is 
plain. According to Orth bacilli may be brought to the site of the injury 
by the blood after as well as before injury, thus setting up new foci. 
Bacillemia nevertheless is not understood to be a recent exogenous infec- 
tion, since it implies a focus elsewhere in the body in an active stage but 
of more or less remote origin as to time. 


INFLUENCE OF AGE 


The age when reinfection takes place from endogenous sources is one 
of the difficult questions. The sudden change in the incidence of tubercu- 
losis at puberty offers a mystery because, as already mentioned, apical 
tuberculosis appears with a human type of bacilli whether the primary 
infection was the same or of bovine origin. 

The main argument for successive endogenous implantations must 
rest on the gradual or intermittent development of pulmonary tuberculo- 
sis as seen in its clinical aspects and by X-ray examinations. Where 
the new lesion adjoins old foci or is on the same side, as in chains of old 
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tuberculous lymph nodes, for example, in the neck, the opinion is 
strongly in favor of an endogenous extension of the disease. These are 
the most evident cases and they are often favorable for arrestment, 
or drift into middle life as chronic types of the disease. The question 
whether exogenous reinfection adds new and more virulent bacilli to 
such lesions cannot be seriously raised when the progress of the disease 
is traced step by step. The acute type of pulmonary disease in youths 
is less easily associated with endogenous sources of long standing. Ascher 
(176) holds that school age may represent the highest point in natural 
resistance as well as that acquired from infection. The pulmonary 
disease from this age upward increases in frequency. Some will explain 
this by endocrine gland activity or subtle changes in the nervous system 
at puberty. Susceptibility dependent upon ovyerstrain and exposure 
is certainly associated in the causation of the active disease in youth, 
but the special causes of susceptibility, if any, are undefined. 

Tuberculosis in old age is readily ascribed to metastases of past infec- 
tion for the most part and is rarely acute. Offenbacher (177) studied 
102 cases over forty years of age: 27 per cent gave a perfectly healthy 
history; the others could be traced to previous periods; in 23 hemoptysis 
was recorded, ranging from the tenth to the seventieth years. 

The complex influences brought to bear on the vitality of individuals 
and their family, community and racial life as causes of the activation 
of the latent bacillus, need not be entered into here. It is well to refer 
to them, as they are of tremendous moment not only in the incidence 
of infection but in its further progress. The curve of tuberculosis 
morbidity rises with the increase of want and hardships, and falls with 
economic, physical and moral betterment. 

Were it not for the persistence of the tubercle bacillus in the body and 
its ability to reproduce, the universal infection would not be unwelcome. 
The history of variolation, or preventive inoculation of variola, in the 
eighteenth century, so well described by Klebs (178), is a lesson not to 
be lost in its application to tuberculosis. 

The deaths caused by the variola inoculations were but 1 in 200— 
vastly less than from the disease spontaneously acquired. Bushnell 
(179), in his recent work on the epidemiology of tuberculosis, boldly 
advocates universal tuberculization by a weak inoculation, repeated 
sufficiently often to maintain the relative immunity. Such an idea has 
long been held, but it disregards the other factors in the causes of tubercu- 
losis as a disease which might awaken virulent qualities in the vaccine. 
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REINFECTION IN TUBERCULOSIS 


SUMMARY ON ENDOGENOUS REINFECTION 


The first object of assembling the preceding references to clinical 
and pathologic examinations is to make known the great number of 
unsuspected tuberculous infections of the lung apices, especially in young 
adults. The proportion of cases involving the other lobes is indoubtedly 
considerable, but it is the apical involvement that represents the typical 
adult type of the disease, and which is most easily distinguished from 
primary childhood infection. We are therefore justified in regarding 
them as secondary or reinfections of exogenous source, unless we can 
connect them in some way with early primary infections which have never 
healed beyond the chance of reactivation. 

We have little proof that the calcified obsolete tubercle is capable of 
much mischief and we know that the bovine bacillus is found in about 10 
per cent of the first infections but almost never in the sputum from adult 
human disease. Then there is often so great an interval between the 
first infection and the ultimate pulmonary disease that we cannot bridge 
the gap with any history of symptoms. In deaths from otherdiseases 
pathologists do not often find tubercles in an “active” stage; yet small 
deposits are frequently found in the apices, although not of the caseous 
type as a rule. They are more frequent as age increases, so that the 
suggestion is strong of an exogenous source. If, however, the first 
infection was sufficient to set up secondary foci slowly spreading by 
way of the lymphatics or by the blood stream to the periphery of the 
lung, we are then faced with the probability that endogenous metastases 
account for later disease. 

We have presented some statistics from sanatorium records and other 
investigations which suggest that from 20 to 80 per cent of clinical tuber- 
culosis from the fifteenth year upward is derived directly from childhood 
infection. These estimates are so divergent that one must conclude 
that the methods of inquiry vary too greatly, or that the results are influ- 
enced by personal bias; a safer estimate would be based only on those 
who have definite family exposure before the age of fifteen years. 

From the recent military experiences it is deduced that some acute 
cases were freshly infected, but that the great majority of them were 
endogenous, reactivated from previously acquired infections. It may 
also be assumed that the dosage and virulence of autogenous bacilli will 
be greater than any others. 

The results of the United States army and draft board examinations, 
the community surveys, and the clinical and pathologic experiences, all 
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tend to establish the presence of a vast number of inactive pulmonary 
cases in our city populations. When did they begin and whence were 
they derived? 

Before discussing the problem further let us consider exogeneous infec- 
tion, its sources, amount, and the conditions under which it may be 
expected to occur. 


REINFECTION FROM EXTERNAL SOURCES (EXOGEN OUS REINFECTION) 


The students of tuberculosis have represented all ‘shades of opinion 
on this problem, the majority having given little attention to it until 
Rémer’s views were advanced. 

Theobald Smith (180) has viewed the subject from the angle of changes 
in the parasitic power of bacteria; that the bacilli having acquired this 
power in the tissues of one host are able to infect others at any age. 
The statistician, Karl Pearson (181), considers that heredity plays a 
large part in transforming infection into disease. Neufeld (182) inclines 
to the belief in a high immunity for adults against small amounts of 
inhaled bacilli, but considers Rémer’s position not completely established 
for human subjects. He thinks it easier to protect animals against a 
single large infection than a number of small ones such as presumably 
occur in man. The British epidemiologist and statistician, Brownlee 
(183), mentions his acceptance of the theory of immunity conferred 
by childhood infection which, however, breaks down and causes two- 
fifths of adult phthisis from endogenous spreading. The inference is 
that three-fifths must be from exogenous sources. Fishberg (184), in 
a study of marital infection, positively disbelieves in adult reinfection. 

Bushnell (179), who quite recently in his book on epidemiology has 
traversed in a very complete way the literature of racial differences in 
incidence and types of tuberculosis, strongly favors the theory of adult 
immunity in consequence of early infection. 

Calmette, in his comprehensive new work (36), accepts exogenous 
reinfection as superimposed on the old infection, and holds that, com- 
mensurate with its amount, virulence and close sequence, it gives rise 
to the Koch phenomenon of ulceration leading to open tuberculosis. 
The chief danger, in his opinion, lies in repeated infections which 
finally produce a chronic disease. Acute forms of tuberculosis, not 
traceable to old foci, are generally regarded at present as primary 
infections, and these are seen especially in persons from isolated, sparsely 
populated places or in primitive peoples. 


k 
t 
B 
i 
4 


REINFECTION IN TUBERCULOSIS 507 ° 


The pathologists have demonstrated an increasing percentage of tuber- 
culous foci in the lymph nodes and lungs from childhood to the age of 
universal infection in civilized peoples, which is between the fifteenth 
and twentieth years. 

From this it is evident that the first infections are not all in childhood 
or in immature youth. The later ones are possibly more liable to be 
held in the lungs, and do not affect the lymph nodes of the hilum. Our 
experiments lend support to this view. From year to year, successive 
inhalations of bacilli, if they succeed in entering the tissues, would 
be expected to arouse a different reaction in the tissues and one that is 
prone to healing or to progress in a chronic form. In other cases the 
subjects of the invasion fall victim to an acute tuberculosis, but in 
decreasing numbers as age advances. 

Astonishingly few cases outside of tuberculous families can be traced 
to definite sources of infection, and relatively few of these pursue the 
acute course of a primary infection as seen in the primitive peoples. 
In the first place we may point to the difficulty of finding large numbers 
of bacilli in the air of infected rooms. Collections of dust and droplets 
sprayed by talking, coughing, etc., are indeed found to contain bacilli 
but in small numbers and (at least in the dust) with reduced virulence. 

The examination by Straus (185), Mdller (186), and others of nasal 
secretions from nurses in tuberculosis hospitals was definite proof that 
living bacilli were being inhaled, but the proportion of bacilli received 
at any single exposure must be regarded as small. The sputum of 
nontuberculous persons under exposure to hospital or sanatorium 
patients has often been examined because of a suspicious cough or 
catarrh, with negative results. If bacilli were very numerous in the vicin- 
ity of such patients they should be found in the tracheal secretions, like 
the smoke particles so familiar after a railway journey. We think this 
consideration is lost sight of in most essays on infection. 

In the instances of close and prolonged contact of near relatives, 
where the droplet infection opportunities are inevitable, it cannot be 
maintained that at any given day or week a large dose of bacilli must 
necessarily be inhaled or swallowed. The amount in the course of time 
may theoretically be considerable under extreme exposure, but the 
demonstration is wanting. The majority of the particles of sputum 
rich in bacilli are too heavy to be inhaled at all; they fall to the floor or 
bed and become dried before it is conceivable that they can be again air 
borne. 


508 EDWARD R. BALDWIN AND LEROY U. GARDNER 


The experimental work of Fliigge and his associates (187), in our 
opinion, cannot be adduced to prove what is imagined to be “‘massive” 
infection by moist droplets. 

It was well demonstrated by Nenninger (79) and Paul (188) that the 
finest vapor could carry bacteria to the deeper parts of the lungs through 
the smallest divisions of the bronchi; but, as Paul states, the number of 
bacteria reaching the alveoli will depend upon the proportion contained 
inthe vapor. Ifthe danger from inhaled dust containing large numbers 
of tubercle bacilli be considered greater, which we cannot admit, the 
theoretical number will be larger than in droplets. Together with drop- 
lets, dust particles could make the total dose large, but the reduction in 
virulence by drying must be considered. 

In the second place, inhalation infection must overcome powerful 
natural defenses. There are the ramified nasal passages withtheir 
cilia and the strong outward movement of particles inhaled directly into 
the deeper bronchi. According to Thompson and Hewlett (189) the 
cilia of the human nose expel bacteria in two hours. Paul (188) found a 
rapid decrease in the numbers present in the lungs of rabbits by testing 
one and one-quarter, two, six, and seventeen and one-half hoursafter 
experimental inhalation. In brief, a healthy condition of the air passages 
presupposes a fairly constant clearing out of foreign particles. In the 
examination of large animals immediately after slaughter Quensel (190) 
found few bacteria, and in 4 sheep out of 15 the lungs were sterile. More 
than half the cultures from tracheobronchial lymph nodes of calves, sheep, 
horses and cattle were sterile. The nasal and bronchial mucus has 
also a protective function, in the opinion of some investigators, by reason 
of its unfavorable qualities as a bacterial culture medium. If any 
influence is exerted by the mucus on tubercle bacilli it is probably 
mechanical rather than inhibitory. F 

The conclusion about direct droplet and dust infection is, therefore 
that it deals with small numbers of bacilli, and in ordinary health the 
massive doses are for the most part carried outward by the normal 
defenses without entrance to the tissues. 

It remains to consider what factors may aid inhaled infection. From 
the mechanical standpoint there is much to invite thoughtful attention. 
From the time of infancy, when the prolonged cries are followed by deep 
inspirations with the wide open mouth, to the romping school child and 
youth rushing into the house breathless from running, there are always 
chances that bacilli may penetrate far deeper than usual. Then follows 
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the age of competitive athletics, indoors as well as out; the social games 
and dancing, often accompanied or followed at all ages by catarrhal 
colds, nasal obstructions and fatigue—in short, the deep breathing in an 
infected atmosphere which courts danger of further infection while 
tending to mobilize previous infections. 

Calmette and Grysez (191) showed that inhaled bacilli may be taken 
into the alveolar spaces by leucocytes migrating, thence to find their 
way to the lymph spaces. When bacteria are inhaled beyond the reach 
of cilia, their removal becomes a much slower process through absorption 
as foreign particles, and cumulative infection can be understood from the 
increment of virulent bacilli added in small numbers from day to day. 

Here we can understand the hereditary influences playing a part in the 
process above described. The habitus phthisicus, in so far as it is not 
brought about by early infection or malnutrition from the same cause, 
furnishes conditions tending to hold the bacilli in the lungs; that is, the 
pulmonary ventilation is poor and the blood-lymph circulation slower in 
the malformed chest. 

If all of these considerations are valid so far as they apply to inhalation 
infection, there is reason to think that exogenous reinfection may be 
fairly frequent in the young, but in relatively small amounts,—conceiv- 
ably much: less than ingested infection from soiled hands and food. 
When full growth is established we have the added problem of the in- 
fluences of occupational strain, pregnancy, and the previous infections. 
Pulmonary apical tuberculosis then becomes the predominant form of 
disease and no evidence of bovine reinfection complicates the picture at 
this age. 

A large percentage of the clinically active cases cannot be traced to 
to recent close contact with or prolonged exposure to an environment of 
tuberculous infection; neither are they all people of uncleanly habits. 
In the latter respect swallowed infection is not seriously considered in 
civilized adults. 

The sudden drop in the incidence of bovine infection at puberty points 
to a similar conclusion. The rarity of intestinal tuberculosis except 
from autogenous sources leads us to focus attention on inhalation, and 
forces us to look for some special vulnerability of the lungs. As to this 
speculation has much, but demonstration little, to give us. 

On the other hand, the mass of the adult population, many being in 
frequent contact with coughing consumptives, fail to develop clinical 
pulmonary tuberculosis, if indeed they become reinfected at all. There 
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is also no experimental evidence that reinfection by inhalation directly 
selects the cranial lobes of the lung. It is quite well accepted that by 
way of the blood and lymph stream this does happen, but whether 
from recent or previously acquired infection cannot be answered in each 
case. Since the upper air passages must also be regarded as avenues of 
reinfection, the matter is further involved. 


“SUMMARY 


In the face of such complexities it is presumption to marshal the 
known facts into a law applicable to all cases of a disease exhibiting 
such great contrasts. 

The medical world seeks for a formula, or creates one according to the 
degree of dogmatism of its author. Then comes a world war and its 
aftermath of disease and privation; the formula does not apply, and 
confusion reigns again. It is indeed a disquieting thing to contemplate 
the reported large increase of tuberculosis in Europe and then point 
to the steady fall in mortality from this disease up to the war years 
as due to the suppression of the tubercle bacillus. Moreover, the abrupt 
fall of the tuberculosis death rate in this country since the influenza 
pandemic has puzzled those who predicted a large increase of tuberculosis 
following the war and the pandemic. Harmonizing these experiences 
presupposes more knowledge than we possess, yet not all is mystery. 

There is a period between the date of infection and the recognition of 
tuberculosis as a disease that is lost to us in too many cases. The 
symptoms are absent or too vague and fleeting for our present methods 
of detection. There are, it is true, the earliest hemoptyses without 
other symptoms, the definite pleurisies,* not to mention the external 
forms: of tuberculosis possible of early discovery. 

The postmortem not infrequently reveals a group of fairly early tuber- 
cles in the lung parenchyma, and oftener well marked tracheobronchial 
involvement of uncertain age, in individuals dying from other causes. 
These are not, by any means now at our command, connected with a 
definite period of time of infection, unless we are to except children. 

There are primary infections, progressive and fatal at all ages. In 
the races recently brought into contact with tubercle bacilli, the matter 
offers the simple explanation that there is no resting period once the 


§ Neumann (192) describes a group of vague signs and symptoms that he considers diag- 
nostic of primary lung infection. 
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infection has begun to spread. The elements of dosage and frequent 
cumulative infection must be considered in these cases, because of the 
manner of life of the people. 

Where acute primary tuberculosis is suspected in an adult of the white 
race and of cleanly habits, there has been a tendency to assume an 
an unusual virulence of the bacillus, ignoring the possible absence of 
resistance from lack of previous infection. Certain families have been 
devastated by acute tuberculosis where we should expect early infection 
and, from the relative immunity thus acquired, a slower course ofthe 
disease. It must be remembered that not all the individuals in such 
families do in fact exhibit such acute forms of the disease and some, 
perchance, escape altogether. These again are the puzzling contradic- 
tions. 

We return, therefore, to the main fact of universal infection, single or 
repeated, for an interpretation of all these variations. 

It is evident from what has been presented in the experimental and 
pathologic study on man and animals that successive infections do occur, 
and that the first often modifies the course of the later ones. 

In comparison with the ease with which a primary infection is acquired, 
the later inhaled and ingested bacilli are resisted more or less strongly 
by the relative “immunity from infection.’” 

In applying these principles to human tuberculosis we note many 
evidences of confirmation which in the main are satisfactory. There 
are reasons to suspect mild infections, both as to quantity and virulence, 
occurring infrequently but by a cumulative effect ultimately arousing 
the disease process. 

The earliest exogenous reinfections are probably often well resisted 
and may produce no noticeable symptoms. 

Good physiological functions combined with the immunity from infec- 
tion tend to ward off further infection after adult ageis reached. Should 
the conditions be otherwise than favorable, or the infection frequent or 
potent, disease results. 

We have discussed the unlikelihood of massive infections by inhalation, 
and the doubt about other ways of reinfection. From the very small 
quantities taken in at one time and the slow development of the disease 
we are inclined to the theory of cumulative infection during childhood 
and youth. 

The majority of individuals who are to develop pulmonary tuberculo- 
sis for the first time after the age of twenty have already acquired it to 
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a degree. Were it possible to discover these potentially diseased cases, 
who may or may not break down, we believe there would be but a small 
percentage not accounted for among the victims of tuberculosis in civil- 
ized countries. 

It is virtually impossible to associate many cases of clinical tuber- 
culosis in adults with a recent exogenous source of infection, except 
under family exposure. Even in family disease, as is well known, the 
patient often develops the first recognized nao years after the 
death of the relative. 

Many similar observations might be brought forward to show the 
futility of trying to place the date of infection, except in those adults 
(either of primitive races or others) hitherto unexposed because of com- 
plete isolation. The town or city dweller is a survivor in the sense that 
he has reached maturity in the face of more or less inevitable exposure 
to human and bovine infection. 

The results of wholesale physical examinations are impressive in the 
number of unsuspected pulmonary cases in fair health. What happens 
to many of these may be surmised from the increased mortality during 
the war, and from the sanatorium records of relapse. Under strain 
and with an acute influenza, others have come to knowledge but are not 
yet recorded in the mortality tables. 

The steady decrease of tuberculosis for years antedating the great 
war has been variously interpreted, but from the revelations above men- 
tioned concerning the large number of undiscovered cases we are 
obliged to confess that the lessening of opportunities for infection has 
not been accomplished to the extent desired. Yet we are persuaded 
that the frequency and quantity are lessened. 

Meanwhile the standards of life had improved, tending to prevent 
both exogenous and endogenous additions to the already acquired 
infection, thus increasing the number of healed cases. Then came the 
war and its hardships, exposure and starvation. Thousands of arrested 
or partially arrested tuberculous persons have relapsed and their disease 
become progressive. Deaths were hastened, and together with influenza 
the work of years seemed wasted by the war. 

The amount of disease during the war attributable to reinfection can- 
not be estimated, but it is safe to say it was but little in the armies. 
With the crowding of the cities by workers and the combined strain we 
should frankly expect many new infections. 
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To sum up our study of this problem, we believe that the lesson to be 
learned and applied is that, hand in hand with efforts to safeguard the 
young from infection, more attention should be paid to safeguarding 
both young and old from disease. 

Without sputum and dairy hygiene the supply of dangerously in- 
fected young people will be kept up; without earlier diagnosis, edu- 
cation, and favorable conditions of life for the prospective victims, 
clinical tuberculosis will continue at an irreducible minimum. 
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SOME CAUSATIVE FACTORS OF PULMONARY 
TUBERCULOSIS! 


LAWRASON BROWN 


In discussing before you the etiology—the cause— of pulmonary tuber- 
culosis, which accounts for 87 per cent of all the deaths from tuberculosis 
in the United States, Iam more at my ease than I could be with any 
other topic connected with pulmonary tuberculosis, for no matter how 
bizarre my statements may be, I might quote opinions and even experi- 
ments to prove that they are right. 

As time flies on, we are all impressed by the fact that many utterances 
relating to this subject, often zpse dixit in character, are sustained not 
by proof but by weight of authority. In fact, we have had thrust upon 
us so many half truths, that if we seriously consider the whole problem 
to-day we find that students of pulmonary tuberculosis are in complete 
accord upon only one fact, established thirty-nine years ago, namely, 
that pulmonary tuberculosis is due always to the presence of tubercle 
bacilli in the lungs. At first thought, the etiologic chain seemed com- 
plete. The tubercle bacilli grew and multiplied in the lung, producing, 
as the disease progressed, ulceration into the bronchi, through which 
bacilli escaped into the open by means of the sputum, which was formerly 
deposited much more freely and carelessly upon floor, platform, or side- 
walk than it is to-day. From these places the bacilli somehow gained 
entrance into the body of a new host. So, to prevent the spread of the 
disease this cycle must be broken at some point, which in the earlier days 
seemed simple enough to do. : 

It was but natural for Cornet to attempt to prove that the usual method 
of transference from man to man is through the inhalation of the fine 
particles of dried tuberculous sputum waited about as dust. 

For years this was accepted as the usual means of inanimate trans- 
mission. But patients, Fliigge said, when they cough emit a spray of 
coarser and finer and almost impalpable particles of sputum that fly to 
a distance of three to four feet from the mouth and may remain suspended 


1 An address delivered before the*school of Hygiene, Johns Hopkins University, March 
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in the air for about a half-hour. This, as the usual method of trans- 
ference, was for him far more important than dust. More recently these’ 
so called inhalation methods of infection have been questioned as far as 
they can be considered the usual method of infection. Krause would 
emphasize the importance of raw sputum, contaminating the hands of 
young children through balls, hoops, tops, etc., used in play upon our 
streets, while Cumming would emphasize that eating utensils, particu- 
larly spoons, which our younger children use almost exclusively, are in 
his opinion the chief conveyers of infection, for ordinary washing by no 
means sterilizes them. 

However it occurs, we know that a large proportion of the urban 
population, at least, harbor the tubercle bacillus by the time they reach 
puberty. This might be stated as a second uncontrovertible fact. 

But from this time on we again encounter divergent views. Some 
would have us believe that all pulmonary tuberculosis is due to the fur- 
ther progression of a childhood infection and that adults are practically 
never reinfected. On the other hand there are those who maintain that 
while this does hold true in a certain proportion, say in 50 per cent of the 
cases of adult pulmonary tuberculosis, in the other 50 per cent pulmonary 
tuberculosis is due to adult infection. In either case infection is nct 
synonymous with disease, and it must be explained how so large a pro 
portion of infected individuals never develop frank disease. Here it 
seems to me that we must separate, as clearly as possible (which is not 
often done), those causativefactors which bring about infection from those 
which bring about the development of infection into clinical disease. 
It may be stated briefly at this point that any circumstance that upsets 
a bodily balance which has prevented tuberculous infection from advanc- 
ing into tuberculous disease is, of course, a causative factor. I refer 
among others, to overwork, poor hygienic surroundings, poor food and 
certain diseases. 

I have mentioned two basic facts that we can all agree upon: first, 
without the presence of the tubercle bacilli in the lungs there can be no 
pulmonary tuberculosis; and, second, by the age of puberty a large 
majority of children (70 per cent) harbor or have harbored the tubercle 
bacilli in their bodies, more particularly if they dwell in cities. By the 
age of twenty-five somehow all have been infected with tubercle bacilli. 

I should like to divide my further remark into a discussion (1), of 
the tubercle bacillus, the parasite that causes the disease and (2), of the 
host, the human being, that is diseased. 
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THE PARASITE: THE TUBERCLE BACILLUS 


This suggests a brief consideration of the tubercle bacillus, the para- 
site, which brings about infection and later, under certain conditions, 
disease. This germ has been held to have feeble powers of attack, if I 
may so term it, but great powers of resistance, thanks to its waxy frame- 
work. It is nonmotile, and depends upon the bodily functions to trans- 
port it within the body and upon air currents and inanimate objects for 
movement without the body. It was formerly thought to be ubiquitous 
but recently studies have not upheld this view. However this may be, 
all of us sooner or later come in contact with the tubercle bacillus and 
many of us meet it frequently. It is of interest to see where it lurks 
outside the body and to trace if possible its path from cow or man to the 
ill fated individual who develops pulmonary tuberculosis. 

The bovine tubercle bacillus. The danger of tuberculous meat is prac- 
tically nil; but the danger of milk containing bovine tubercle bacilli is 
more real, and can be roughly estimated in two ways: first, by noting 
what percentage of human beings suffer from bovine tuberculosis, and, 
second, by observing the effect of contaminated milk upon individuals 
who have imbibed it. ; 

Figures collected in 1911 by Parkeand Krumwiede show that in 1224 
cases in which the type of tubercle bacillus was determined, the bovine 
tubercle bacillus caused 4.3 per cent (that is, one case in 24 examined) 
of pulmonary tuberculosis occurring in children and infants under five 
years of age, none in patients from five to sixteen years (11 cases), and 
one in 645 cases of adult pulmonary tuberculosis. In other words, 
bovine tubercle bacilli caused pulmonary tuberculosis in only 2 of 680 
cases, less than one-third of one per cent, a figure that appears almost 
negligible. In a collected study of the type of the bacilli in the sputa | 
in 938 patients with pulmonary tuberculosis, at least three were found’ 
to be of bovine origin (Griffith), one was doubtful and two were mixed. 
In any case, far less than 1 per cent and in all probability less than one- 
half of 1 per cent were thus due to the bovine tubercle bacillus. Do not 
misunderstand me: bovine tubercle bacilli produced the disease that 
killed nearly one-fourth (23 per cent) of the 280 cases of all forms of 
tuberculosis occurring under five years of age, slightly more (24 per cent) 
in the 153 cases between the fifth and sixteenth year of life, but only 
1.3 percentin adults. In this group of figures pulmonary disease occurred 
in 82 per cent of the cases in adults, in 7 per cent between five and sixteen 
years, and about in 9 per cent of children under five years. 
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Two years later (1913) Kossel collected the figures of various observers 
in all countries and found that in 832 cases of pulmonary tuberculosis, 
three were due to bovine, two to bovine and human, and one was badly 
defined, or in other words, in over 99 per cent (99.3 per cent) of all cases 
of chronic pulmonary tuberculosis, the disease was caused by human 
tubercle bacilli. From these figures, then, the importance of bovine 
tubercle bacilli in pulmonary tuberculosis in man is at the most but 
slight. 

The mutation of bovine tubercle bacilli. The mutation or transforma- 
tion of the bovine into the human type of tubercle bacillus has been 
frequently suggested. From the figures I have mentioned it can be seen 
that up to puberty bovine tubercle bacilli are frequently found, but after 
this age they occur so rarely that some have suggested that they are 
transformed into the human type. This change of mutation has never 
been proved. I have never been able to find any study which deter- 
mined whether or not a bovine infection persisted before, through and 
after puberty. The infinitesimal additions of certain substances, that 
bring about marked changes in colloidal states, suggest that at puberty 
certain changes might occur in the bodily tissues that render them no 
longer suitable for growth of bovine and possibly more suitable for the 
growth of human tubercle bacilli. This is in part borne out by the fact 
that bovine bacilli grow less readily than human bacilli upon artificial 
media and require slightly less acidity, or lower hydrogen ion concentra- 
tion, as itis termed to-day. Thousands of adults must drink tuberculous 
milk daily and while thus exposed they apparently almost never develop 
bovine disease. 

It is common knowledge that bovine tubercle bacilli do occur in cow’s 
milk and in some specimens it has been estimated that one-half million 
tubercle bacilli are contained in one teaspoonful of milk. It has been 
found that 16 per cent of the specimens of milk examined in New York 
(in 1910) contained tubercle bacilli; 10.5 per cent in Chicago ( in 1910); 
7 per cent in Washington; 22 per cent in London; and 20 per cent in 
Edinburgh. In Berlin 619 persons (284 children, 335 adults) who had 
drunk raw milk from cows with tuberculosis of the udders were studied 
(A. Weber). Only 2 children were clinically tuberculous (both had cervi- 
cal adenitis). Of 18 children (9 under two years, 8 from two to five 
years and one more than five) exposed in a similar way, only one became 
clinically tuberculous (it also had cervical adenitis) ; and but 4 reacted to 
the ophthalmic tuberculin test. In fact, in regard to the danger of tuber- 
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culous milk we are led to conclude that only when children are fed con- 
stantly with milk containing large quantities of tubercle bacilli is the 
danger great, and as milk bought in large cities comes usually from many 
herds, the quantities of tubercle bacilli are usually not large. These 
facts, however, do not relieve us of the necessity of obtaining milk for 
our children from tuberculin tested herds or of pasteurizing it before use, 
for from 8 to 10 per cent of all tuberculosis deaths in children are due to 
the bovine tubercle bacillus. 

The human tubercle bacillus. Nowif we can exclude the bovine tubercle 
bacillus as the cause of chronic pulmonary tuberculosis in adults, and I 
think the figures I have presented to you enable us to do so, we can con- 
cern ourselves entirely with the human type. In other words, practically 
every patient with pulmonary tuberculosis has been infected either di- 
rectly or indirectly by another patient. How do these bacilli pass from 
person to person? 

We know that the sputum of patients with advanced disease may 
contain enormous numbers of bacilli. Professor Nuttall of Cambridge, 
formerly connected with this University, estimated that the sputum 
could contain as many as one to four billions of tubercle bacilli in twenty- 
four hours, and Heller estimated that a patient could expectorate over 
seven billions of tubercle bacilli in the same time, though all of these are 
probably not alive. With the prevalence of tuberculosis which has 
existed for years, along with the former belief that tuberculosis was hered- 
itary and not contagious, and with the careless disposal of the sputum 
in use for years, it seems almost incredible that many more did not suc- 
cumb to pulmonary tuberculosis, if the tubercle bacilli in the sputum 
could be distributed as some would have us believe. 

The danger of dust. I have referred to Cornet’s work which he believed 
went to show that tubercle bacilli were carried from man to man by 
means of particles of dust. The patient spits upon the sidewalk, upon 
the floor perchance, and the unwitting carrier bears the bacilli on shoes 
or skirts into the house, there to deposit them upon the rugs or carpets. 
The sputum dries and, according to this theory, is ground into dust which 
the careful housewife cannot bear to see at rest. So literally she dusts 
not only the floors, the furniture, but also the lungs of those who dwell 
therein.2, On a tiny particle of dust, visible only when it dances in 
the sunbeam, ride perchance twenty or more tubercle bacilli along the 


2 It is of interest to note in passfng that many housewives contract tuberculosis but the 
percentage of housewives form a large part of the female population. 
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various air currents, to find finally a resting place in a tiny ramification of 
a bronchial tube, deep in the interior of the lung. Here, in some instances, 
the bacilli proliferate; some would have us believe in the air passage itself ; 
others (and this is more probable) only after they have penetrated the 
mucous membrane and gained access to the intrapulmonary masses of 
lymph tissue. Their growth and the resultant destruction and com- 
pression of pulmonary tissue ultimately bring about clinical pulmonary 
tuberculosis. 

That bacilliferous sputum has been in the past and still is widely 
distributed on our sidewalks, on platforms, on the floors of public build- 
ings and elsewhere, cannot be denied. Such sputum can be used to 
infect guinea pigs. But aside from this what do we know of the existence 
of human tubercle bacilli outside the body? Innumerable experiments 
have been performed to show how long the tubercle bacillus can resist 
light, air and drying. Direct sunlight or sunshine is supposed to kill 
tubercle bacilli in thin layers of sputum in a few hours (four to six), 
while indirect sunlight may require several days to do so. Fresh air, 
even in the absence of sunlight, has caused their death in a few days: 
combined with sunlight it would work more quickly. Dessication is 
also injurious. When in masses of mucus, however, tubercle bacilli 
may be protected from the effects of light and of drying which render 
the mucus a tough or hard mass. So tubercle bacilli deposited upon 
our streets in large masses of sputum, especially in coarse dust and sand, 
may resist for days these destroying forces. Itis interesting to consider 
then what happens to a mass of sputum which is trodden under foot on 
a sidewalk. While contaminated shoes may track it into the house, the 
mere fact that it has been spread out over a fairly wide area renders the 
tubercle bacilli that remain upon the street far less resistant, and in my 
opinion greatly hastens their death. I can conceive how a shoe contami- 
nated by such sputum several blocks from home can be of danger or a 
source of infection, particularly for young children who play about 
their elders. 

Mr. Petroff, Dr. Pesquera and I poured some sputum containing in- 
numerable tubercle bacilli on a board, trod upon it and then trod on 
and wiped, so to speak, our shoes on a piece of carpet. After some 
hours the carpet was placed in a small box containing several guinea 
pigs, and a stiff, rotary brush attached to a motor was set in motion and 
kept running for some hours on several different days. None of the 
guinea pigs became infected. 
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Samples of dust from many locations, both indoors and out, have been 
searched for human tubercle bacilli and injected at times into guinea 
pigs, all with varying results (18 per cent to 48 per cent were positive 
(Cornet)), but experiments made with.the dust that leaves the floor after 
ordinary dry sweeping, that is, with the dust we ordinarily inhale, have 
proved it infectious far less often (8 per cent). It may. be stated that, 
when tuberculous sputum becomes dried and ground into dust out-of- 
doors, the tubercle bacilli are so weakened that they are of little danger 
or else are killed. House dust may be much more dangerous and to-day 
many hold that tuberculosis is practically always contracted indoors. 
The statement that pulmonary tuberculosis is a house disease must 
embrace this fact; but it must also be remembered that families that hover 
about the poverty line often sink into the same wretched living quarters. 
Under these circumstances lack of food may be as important as exposure 
to the infectious dust left by a previous occupant. Such conditions, 
it appears to me, have often less to do with infection than with the devel- 
opment of disease from previous infection. 

Mr. Petroff, Dr. Pesquera and I also tried to find tubercle bacilli out- 
side the body in Saranac Lake and at the Trudeau Sanatorium. Two 
rooms occupied by patients with violent coughs, both of whom have 
since died, were carefully examiried in regard to the dust upon the floor, 
the walls, the bed table and the chair, but no tubercle bacilli were found 
either by staining or by inoculation of guinea pigs. This confirmed the 
finding of a former assistant, who, hoping to show that tubercle bacilli 
were present in the dust of a room in the infirmary at Trudeau, occupied 
by a patient with numerous tubercle bacilli in his sputum and an explo- 
sive violent cough, inoculated the dust into a guinea pig with negative 
results. Having found no tubercle bacilli in the dust of rooms by the 
use of swabs, we constructed a glass chamber, just large enough to hold 
a guinea pig and attached it to a vacuum cleaning apparatus which drew 
the dust of the room past the guinea pig for one-half hour. Guinea 
pigs we thought, might contract tuberculosis through inhalation when 
inoculation failed, but the three guinea pigs used remained free from 
tuberculosis. Much emphasis has been laid upon the danger from the 
mouth pieces of telephones, but dust collected from the public telephone 
at Trudeau failed to infect guinea pigs. The dust collected from a large 
rug in the general assembly room at Trudeau also produced no tubercu- 
losis on inoculation. 
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These experiments led us to conclude that, with the prophylactic 
technique in use at Trudeau and Saranac Lake, the dust of rooms was no 

source of danger. It must be remembered, however, that if the con- 

sumptive spits upon the floor, it is very likely that the dust from the room 

will infect a guinea pig, which Hance proved many years ago at Trudeau. 

Virulent tubercle bacilli have been found in the dust of a room six weeks 

after the death of a consumptive, but usually at the end of six months 

all infectivity has gone. 

The climate which stimulates us, which gives us our energy, which in 
short makes Americans of us, has an untoward effect upon our mucous 
membranes, and whether we dwell at the sea coast or on the high, dry 
western plateaus, we suffer more or less from catarrh and so are led to 
spit. The antispitting crusade has done yeoman service and as soon as 
the general public realizes that their health demands that sidewalks, 
street crossings and floors be kept free of all sputum, we shall see reduc- 
tions in mortality from all respiratory diseases. 

The danger of droplets of sputum. Some years ago Dr. Baldwin and 
I built a glass box, into which we had patients cough, and found an 
occasional droplet of sputum containing tubercle bacilli deposited up to 
a distance of about three feet. Dr. Trudeau had found tubercle bacilli 
in the droplets of sputum on his eye glasses after a patient had coughed 
in his face. These droplets of sputum may therefore contain tubercle 
bacilli. It had been shown by Fliigge and others that they may be 
sprayed to a distance of three feet or one metre from the lips of the 
cougher and remain suspended in the air for thirty minutes or more. 
These seem to me to be uncontrovertible facts. But our problem is how 
much danger lurks in these minute droplets. 

From what has been said of the viability of tubercle bacilli, it can be 
seen that in such droplets they are readily exposed to the destroying ° 
influences of light, air and drying. That they can persist alive, or at 
least remain infectious, even in the house for more than a few hours, 
seems to me most unlikely, though this has been questioned. 

On the other hand, however, we know that fewer tubercle bacilli in 
the form of a moist spray are needed to infect guinea pigs; and possibly 
weakened germs, thus gaining entrance into the body, may produce more 
or less benign pulmonary tuberculosis. It would seem to be an easy 
thing to cough into the face of a guinea pig and so infect it. Hoping to 
reproduce as much as possible the conditions under which an infant lives 
with a tuberculous mother, we got two of our patients at Trudeau to 
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fondle guinea pigs and to cough all over them during their morning 
pulmonary toilet. Both patients had numerous tubercle bacilli in the 
sputum but the guinea pigs remained free from disease. This is not an 
isolated experiment for others have had the same experience. Heymans, 
a co-worker of Fliigge, had great difficulty in producing infection in 
guinea pigs and dogs by this method, even after hours of exposure to 
coughing consumptives. It should further be noted that less than 50 
per cent of patients with pulmonary tuberculosis, even with tubercle 
bacilli in their sputum, cough out droplets containing’ them, and the 
number of tubercle bacilli contained in the droplets is only a very minute 
fraction of those in the sputum. 

On the other hand, Hess of New York and Hamburger of Vienna 
would have us believe that an extraordinarily short period of contact is 
required to infect an infant, but fomites and infected objects may have 
played a greater part than was thought or known. 

The danger then of droplet infection may be said to be limited to those 
droplets inhaled before settling upon any object and probably is much 
greater for infants than for older children or adults. 

Common colds leading to acute bronchitis aid greatly in disseminating 
germs that occur anywhere in the respiratory tract. Tubercle bacilli 
may recur in sputum only during a cold. 

The danger of contact. Thespread of tubercle bacilli from man to man 
by direct or indirect contact has recently been emphasized. It has long 
been considered dangerous to shake hands with a consumptive. We 
selected two patients, with abundant sputum loaded with tubercle bacilli, 
and had them cough violently into their hands. The wash water from 
the hands infected’ guinea pigs, a point Baldwin had shown many years 
before. We then endeavored to see if tubercle bacilli could be transferred 
from hand to hand by shaking hands but were unable todo so. We. 
repeated the experiment with large quantities of another germ (B. prodi- 
giosus), and found that they could be passed along a chain of three or four 
persons by thismeans. It seemed to us fair to conclude that mere cough- 
ing into the hands was not enough for transmission by this method, but 
gross contamination of the hands by sputum, such as wiping heavily 
infected lips with the hands, might be. We could not spread contami- 
nation produced by coughing into the hands to another’s hands by 
means of the door knob. 

Objects that come in contact with the lips may be contaminated, for 
in some instances the saliva contains tubercle bacilliin considerable num- 
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bers. To study the danger that lurks in the kiss we had patients kiss 
a sterile glass dish (Petrie dish), and found the danger was gréater in 
the early morning hours. We should have liked to have had the patients 
kiss a guinea pig, but we felt that even the amount of fervor that enters 
into kissing a glass plate might have been lacking with the guinea pig. 

It has long been taken for granted that eating utensils that come in 
contact with the lips—glasses, cup, forks and spoons—are contaminated. 
This had been shown by Price and we confirmed his work. The recent 
epidemics of certain respiratory diseases at the training camps in various 
parts of the country have shown the great danger of insufficient washing 
of eating utensils, and particularly when insufficient and contaminated 
water was used. 

Cumming, who has studied hand-to-mouth and utensil-to-mouth infec- 
tion, has concluded that many respiratory diseases, including tubercu- 
losis, are transmitted in this way. In fact, this he holds is the usual 
method of infection and he incriminates particularly the spoon. Ordi- 
nary methods of washing, he states, are insufficient to rid the spoon of 
tubercle bacilli, as he proves by guinea pig inoculation. Price, however, 
found that hand washings of utensils, followed-by scalding, was enough 
to sterilize them. For Cumming the “control of the inanimate through 
universal mass action” is an epidemiologic fundamental in the control 
of any communicable disease. 

Much has been written upon the danger of flies as a means of contami- 
nation and we, therefore, repeated the work of several observers and 
showed that flies fed upon tuberculous sputum were contaminated 
throughout with tubercle bacilli. They developed diarrhoea and the 
fly specks contained tubercle bacilli which caused tuberculosis when 
injected into guinea pigs. We then placed a receptacle of sputum con- 
taining many tubercle bacilli high up in a cage with guinea pigs andkept 
a dozen or more flies constantly in the cage, replacing them as they 
died. Specks found upon the carrots produced tuberculosis when injected 
into guinea pigs, but though we kept up the exposure for several weeks 
none of the guinea pigs developed tuberculosis. It is hardly probable 
that a child is often subjected to as much danger of contamination 
through flies as these guinea pigs were. 

Infection through fomites, that is, contaminated objects, may in a few 
instances be the cause of infection in adults. I have in mind especially 
dressmakers who make over consumptives’ apparel. The danger here, 
if the patient has undergone the present day treatment of living largely 
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in the open, must be very slight for the reason I have already mentioned. 
In the laundry the danger is greater, particularly and chiefly with the 
handkerchiefs which are used at times, as everyone knows, as receptacles 
for infectious sputum. Boiling the laundry before handling it, or, better 
still, the replacement of handkerchiefs by gauze in all respiratory affec- 
tions would abolish this danger. The gauze is, of course, burned after 
use. 

Tubercle bacilli have been found in books used by consumptives but 
the danger must be so slight as to be negligible. 

It has been suggested by Krause that children of three and four years 
of age, put to play on the streets, come in direct contact with tuberculous 
sputum. Their balls, tops, hoops, fall in the gutter or roll through 
masses of sputum on the sidewalks. Their infected hands quickly find 
their way to their mouth and tuberculous infection sooner or later 
results. It has occurred to me that a study of the sputum deposited 
upon the sidewalks and elsewhere might be made in a limited locality 
in Baltimore, and the children through the influence of the visiting nurse 
or by other means be subjected to the Pirquet test to determine what 
relationship, if any, might exist between the occurrence of sputum on the 
street and a positive skin test among the children. 

I have mentioned what difficulties we have had in trying to find tuber- 
cle bacilli outside the body in a health resort and how our results for 
certain eating utensils were positive. It is interesting to note in regard 
. to this that but one case of tuberculosis developed in any of the employees 
atthe Trudeau Sanatorium during the thirty-six years of its existence. 
This case, one among many hundred employees, could easily have been 
contracted elsewhere and has never interfered with the woman’s working 
ability. It was so slight that we might class it as doubtful. 

The feces of all patients with tubercle bacilli in their sputum may be. 
safely said to contain living tubercle bacilli. Whether they are excreted 
in the bile through the liver or come, as most probably do, from the 
swallowed sputum, is for our present purpose immaterial. The sewage 
of Saranac Lake empties into the Saranac River below the village. Mr. 
Petroff, Dr. Heise and I found tubercle bacilli at all levels of the river at 
the sewer’s mouth but they grew less, as the mouth receded, to disappear 
at a distance of about four miles down the river, which flows about two 
to four miles an hour. It is hardly conceivable that under such condi- 
tions sewage contamination can play any important part in the produc- 
tion of tuberculosis. 
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To sum up our work, we have found tubercle bacilli on the eating 
utensils that are introduced into the mouth, on objects kissed, in particles 
of sputum coughed out, on the dust of floors on which patients have 
spat and in sewage. Gross contamination of hands, through wiping the 
lips or soiling with sputum, may be transferred to others, but has not yet 
been proved. It is not, of course, fair to draw too broad conclusions 
from a study of the habitat of consumptives trained in good hygiene and 
to apply it to the general population, where all rules of prophylaxis may 
be broken through ignorance or on account of weakness. 

The virulence of the tubercle bacillus has been much dwelt upon by 
many writers. Largely irrespective of the number of bacilli, they say, 
the virulence may determine the type of disease. It is interesting to 
note, as Theobold Smith has pointed out, that very virulent tubercle 
bacilli may kill the infected individual so quickly that this strain of 
tubercle bacilli is destroyed, as it cannot escape from the body. On 
the other hand, a weakly virulent type may also fail to effect escape from 
the body, as no open disease is produced, and so remains imprisoned. 
These factors would tend in a broad way to equalize the virulence of 
tubercle bacilli in chronic pulmonary tuberculosis. But even a slight 
variation in virulence may be sufficient to make effective a superinfection, 
though it must be remembered that artificial reduction of virulence is 
due more often to reduction of the number of the living tubercle bacilli. 
I know of no one who has intentionally reduced the virulence of a tubercle 
bacillus and kept it reduced. The resistance of the host to the tubercle: 
bacillus and the accidental location of disease has unquestionably more 
to do with the type of disease than variations in virulence. 

Recently Brownlee has suggested that his studies lead him to believe 
that pulmonary tuberculosis is a mixture of several types of disease due 
to different strains or types of tubercle bacilli. It would appear that 
opportunities for infection, stress of life at different periods and eviron- 
ment, are strongly complicating factors. 

Three types of human tubercle bacilli have been separated by Petroff 
and it is possible that further knowledge may be gained: by study of 
these and their correlation with the type of disease. 

The number of bacilli on the other hand has a marked influence on 
disease. While a few may produce only infection or a slight superin- 
fection, many may produce acute disease. Acute tuberculosis is often 
the result of an accident. A small area, a focus, of disease becomes 
crowded with tubercle bacilli and breaks into an artery or vein or lymph 
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duct. An acute pulmonary or generalized tuberculosis may result, No 
one is so immune that a sufficiently large number of tubercle bacilli will 
not produce infection and ultimate disease. 

Evidence can be adduced to prove that practically every possible, or 
impossible, method of infection that has been so far suggested, is not the 
usual one. Fliigge had much difficulty in finding tubercle bacilli in the 
dust of streets or rooms and Cornet in turn attacked his droplet method, 
for coughing into the faces of animals does not seem to infect them with 
any degree of certainty, and yet 30 of 76 guinea pigs, kept in cages in 
wards with consumptives, became tuberculous. Bovine bacilli play 
some part in childhood infection but none in pulmonary tuberculosis in 
adults, unless we accept mutation, that is, that bovine can change into 
human tubercle bacilli, which no one has proved. Human bacilli may 
be carried from man to man by the slight infection imparted to them by 
the hands, but this seems unlikely, for we know that particles of dried 
sputum do not rub off easily and tubercle bacilli in thin layers are quickly 
killed by light and air. Hand-to-mouth infection is probably far more 
common than hitherto considered, and utensil-to-mouth infection cannot 
be ignored. Summing up the various methods of infection, it seems to 
me unwise to stress any one too heavily. Milk must be produced by 
nontuberculous cows or else pasteurized before use. Greater care must 
be given to the disposal of tuberculous sputum. The mouth must be 
covered with a piece of cloth during cough and stricter attention must be 
paid to rendering eating utensils, that approach the lips, sterile after 
use. From this the importance of strict hygienic measures for the patient 
with tubercle bacilli in his sputum, whether incipient or advanced, cannot 
be overemphasized. For the poor, hospitalization seems to offer the 
best means of preventing infection while the reporting of all cases is 
consequently of equal importance. 


THE HOST 


So far we have considered etiology from the standpoint of the tubercle 
bacillus. It is inconceivable that the host has no influence upon the 
development of disease, though upon primary infection it may exert 
little. 

It is well known that children, healthy or weak, are nearly all suscept- 
ible to certain infections, for example, measles. To-day we are forced 
to believe that the same condition holds true for tuberculous infection; 
for, while possibly only 70 per cent of all individuals react to tuberculin 
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at the age of puberty, thus proving that they harbor or have harbored 
tubercle bacilli in their bodies that have produced tubercles, several 
observers hold that all have a tuberculous infection before death while 
some affirm that this is so at the twentieth year. The movement of the 
people from the country to the cities, from where the population is sparse 
and relatively isolated to where it is dense, has certainly greatly facili- 
tated infection, which some would have us believe is one of the true causes 
of the decrease in tuberculosis mortality. From this we may assume 
that, so far, all our methods of prevention have affected only massive 
infection, or have so raised the resistance of the more slightly infected 
that they hold their infection in a dormant state or, what is less likely, 
eradicate it. 

This primary infection may occur with slight or indeed with no mani- 
festations of ill health save a slight indisposition for a few days, though 
Pirquet believes that before the age of two years infection is usually mani- 
fested by some clinical symptoms, such as bronchitis. It is of interest 
to recall here how little influence a primary inoculation exerts upon the 
general health or at the site of injection in experimental tuberculosis. 
Stress has been laid upon what slight exposures are followed by primary 
infections in infants and young children. There can be no question that 
young children and primitive races, not hitherto exposed to tubercle 
bacilli, react very differently and much more acutely to infection with 
the tubercle bacillus than do those past puberty in the civilized races. 
The lymph nodes and tissues seem after the third year to offer a less 
favorable soil for the growth of tubercle bacilli. It is well recognized 
that the lungs also suffer at this age; but after puberty the lungs bear 
the brunt of the attack, and furnish what may be called the adult type 
of tuberculous disease. which, however, can exist for years even when 
fairly extensive, and attract no attention... _ 

Tubercle bacilli may enter the body (1) through the eyes, gaining 
access to the pharynx through the tear duct, (2) through the nose, and 
(3) through the mouth. Entrance through the skin can be disregarded 
for our present study. All three portals of entry converge in the pharynx 
and may lead to infection through the tonsils, as Crowe has shown, and 
through other masses of lymphoid tissue well distributed throughout 
the upper respiratory tract. Recent work has shown that inhaled bac- 
teria can be recovered in the ultimate division of the lung, the air cells. 
Again, the tubercle bacilli may be swallowed and enter the body through 
the intestines which Calmette has recently emphasized and Theobald 
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Smith questioned. It would lead us too far afield to discuss here these 
modes of entry; but in an uninfected person the tubercle bacillus can 
pass through the slightly injured or normal mucous membranes, enter 
the lymph stream, pass into the blood and be filtered out in the small 
blood vessels and capillaries. They may lodge for a time in the case of 
the lungs in the lymph masses, but before long are transported to the 
lymph nodes about or near the roots of the lungs. Here they reach a 
final resting place and produce more or less tuberculosis.. This area of 
disease, though it may be very small, is large enough to produce certain 
changes in all the cells of the body, which hereafter react to the tuber- 
culin tests, though its effect upon the person may be so slight that he is 
hardly aware of it. His cells thus become sensitized to the tubercle 
bacillus, and when the latter again gains entry into the body or escapes 
from its primary site, it may be attacked more vigorously. It seems 
most likely that several portals of entry may be used at the same time or 
one after another by the different reinfections that are constantly 
occurring. 

Chronic pulmonary tuberculosis is of extreme rarity in early childhood. 
In fact, some have held that a clinical diagnosis of tuberculosis during 
the first year of life spells death; but more recent figures show that even 
during the last three months of this year the prognosis is somewhat 
less fatal and that some resistance has been acquired. More deaths 
from tuberculosis occur during the first year of life than during any other 
(Hess) due, no doubt, to frequent reinfections with large doses of germs 
from tubercle bacilli carriers who fondle the babies. During the first 
two years of life the child is subjected usually only to the degree of infec- 
tion present in the home and about 10 per cent are infected. If “home” 
infection is present it is possible that the infection may be severe and 
death more likely result. Even at this age the lungs rarely escape. . 

The bearing of these facts upon etiology is clearly evident. Theinfant 
and young child cannot be guarded too carefully against infections. In 
the household of the open case of pulmonary tuberculosis extreme care 
should be practised. If the mother has an open tuberculosis when the 
child is born it should be removed from home at once, and thus 97 per 
cent may escape infection, or else if at all possible kept apart from its 
- mother. She should never nurse it. It is impossible, however, at this 
time to go further into the minute details necessary for the protection 
of young children in these households. 
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Up to the third year only 15 to 20 per cent have been infected. After 
this age, when the child begins to toddle about and make longer or 
shorter excursions into the outer world, opportunities for infection 
greatly increase, and infected toys, infected hands, infected spoons, as 
already described, may play a much larger part in primary infection 
than many have hitherto held. During the next four years, that is, 
from the third to the seventh year, 40 per cent of children are infected 
according to some statistics. Curiously, while the number of children 
infected increases with age up to puberty, the mortality decreases. If 
perchance a tubercle bacillus carrier, an open case of tuberculosis, is 
present in the house with a child under three years of age, infection 
takes place almost without exception, and tuberculous disease is much 
more likely to result from such extensive or repeated reinfections, though 
many still escape. Pearson has shown that the parent is twice as dan- 
gerous for the offspring as the tuberculous husband or wife is for the 
well member of the couple. This is another way of stating the fact 
that not only infection but disease is more likely to incur in those 
who are exposed early in life. However, Pollak found that after four 
years of age the entrance of a tuberculous patient into the family affected 
the child little, if at all; but, if introduced before this age, the child 
either grew up more delicate than its older brothers and sisters or if 
under two years of age was almost surely infected (96 per cent). Berg- 
mann had no children die who were exposed after four years of age. In 
a study by Lampson 2 per cent of the family group without any tubercu- 
losis gave a positive cutaneous tuberculin test, 22 per cent if latent tuber- 
culosis was present, 67 per cent with open tuberculosis and 33 per cent 
with healed tuberculosis. 


BOVINE INFECTION 


When Detre announced (and by so doing is said to have won his bride) 
that individuals infected with bovine tubercle bacilli reacted more to 
tuberculin made from bovine tubercle bacilli than to that made from the 
human type, it was thought that a great step forward in the etiology of 
tuberculosis had been taken, but unfortunately no verification of this 
has been forthcoming. From the figures previously given it is seen 
how readily children might become infected by tuberculous milk when 
the exposure, though slight in amount, is so widespread. Krause has 
pointed out that the amount of childhood infection increases as soon 
as the child is able to walk, or in other words when he begins to play upon 
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the street. He affirms that at this time the child drinks less cow’s milk 
but it seems to me this is also the age at which less attention is paid to 
his milk, and it is also an age not so far removed from the time when he 
ceases to be breast fed. He has not excluded, it seems to me, the danger 
of infection by bovine tubercle bacilli, for many children consume much 
cow’s milk from the age of three to seven. It is possible then that some 
of the infections that occur between these ages may be due to bovine 
tubercle bacilli. After puberty, bovine tubercle bacilli, which cause 
about 25 per cent of the disease up to this time, appear no longer able 
to produce much disease; for of a large series of cases investigated after 
this age, only 1.3 per cent had disease due to the bovine type and less 
than half of these were pulmonary disease. It is of interest to note that 
when all exposure to open tuberculosis can be excluded, 25 per cent of 
the children still react (Hillenberg, quoted by Roemer). Even inocu- 
lation of adults with virulent bovine tubercle bacilli seems to produce 
slight infection and apparently no disease. Many cases of tuberculosis 
of the glands of the neck, due to bovine tubercle bacilli, are either sta- 
tionary or very slowly progressive. Some would explain such observa- 
tions by stating that before the bovine germ is ingested, nearly everyone 
is infected and vaccinated ‘with the human tubercle bacillus, a 
statement which is contrary to fact. 

It appears impossible to-day to decide to which type of tubercle bacil- 
lus the majority of early infections are due. Into the homes where no 
carriers live the bovine tubercle bacilli come without doubt more fre- 
quently than the human type, but the youngster of three to seven years 
of age must have ample opportunity for infection while at play upon the 
street. 

It would seem then a wise procedure to guard our children against 
tuberculous milk, and the provisions should be stricter the younger the 
child. For adults, unless the milk be very severely infected and undi- 
luted with normal milk, the danger is negligible. The tuberculous cow 
should be excluded from all dairy herds but may be used for breeding 
purposes. It has been suggested that bovine infection protects against 
infection by the human type, and that it would be an unwise procedure 
to eradicate bovine tuberculosis. It has been advanced by Brownlee 
that his “middle age” type of pulmonary tuberculosis is closely associated 
with tuberculosis in children under five, and he implies that early tuber- 
culosis in children, possibly bovine in origin, immunizes them against 
pulmonary tuberculosis in éarly adult life. But the resistance of the 
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infected child may be at low ebb, the strain of the germ may be more 
virulent, the repeated doses may be massive, and so defeat our purpose. 
Instead of vaccination we may have to face disease. Such protection 
therefore is to-day too far from being proved topermit us to suffer a disease 
to continue to exist, which causes 10 per cent of all the deaths and at 
least 15 to 20 per cent of all the disease due to tuberculosis in children. 
It must be recalled, however, that tuberculosis is very common where 
bovine tuberculosis does not exist, and where cow’s milk is never used 
for food. However this may be, I still hope that we may yet be able to 
inject a vaccine of bovine tubercle bacilli into man that will render him 
immune to human infection. Calmette claims that his strain of bovine 
tubercle bacilli, grown upon a potato medium, glycerinized and treated 
with ox bile, is not virulent for cattle and that in doses of at least 44,000 
injected intravenously, it is nonvirulent for man. 


HEREDITY 


The tendency in tuberculosis work since the time of Villemin has been 
to emphasize infection more and more, and to belittle that unknown and 
mysterious factor, heredity. Some years ago Mr. Pope and I began a 
study of heredity but soon abandoned it as we saw no opportunity with 
the data at hand of arriving at any definite conclusion. That so called 
phase of heredity, the intrauterine infection of the child, is so rare, and 
the child succumbs so quickly that we need not consider it as of any 
practicalimportance. Itis questionable how far, if at all, constitutional 
or hereditary factors prevent a first infection; but it seems to me that they 
may play a very important part in the development of disease from the 
primary infection or in the resistance to reinfection. For example, an 
ability to form tubercles may be entirely lacking as in white mice, or 
greatly lessened or indeed increased. Again the ability of the organism 
to react by the rapid and sufficient formation of fibrous tissue may be 
passed on in certain strains of the human organism. Tuberculoprotein 
hypersensitiveness can be inherited from a sensitive mother, but is incon- 
stant and is probably never handed down to the third generation. The 
inheritance of certain physical peculiarities cannot be denied, and it is 
possible that after infection certain inherited characteristics may lead, 
on the one side to increased and, on the other, to lessened resistance 
and so to a less or greater tendency to frank disease. This has not been 
conclusively proved, though the work of Pearson and of Pearl is strongly 
suggestive. I can see no reason why certain families, if acquired char- 
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acteristics can be transmitted to offspring, should not develop an ability 
to react with increased resistance, and King and Reibmayr affirm 
that children of tuberculous parents do. Under other conditions a 
liability to catarrh, or even to structural changes that favor infection 
may be inherited. Turban, Baldwin, and Strandgaard attempted to 
prove that pulmonary susceptibility was inherited in certain families 
in regard to point of origin of the disease in the lungs, its general course, 
and the age at onset. The small number of their observations do not 
lend them great weight. 

The appeal to medical work published before the discovery of the 
tubercle bacillus as some (Bullock and Greenwood, and Bushnell) have 
done, does not bear much weight, for many of the predisposed, with fair, 
white skin, flushed cheeks, soft and slender muscles, have probably 
already been infected, and their development in some way arrested. 
Here the tubercle bacillus may be or is the cause of the predisposition. 

The inheritance of predisposition to pulmonary tuberculosis is, Pearson 
and others affirm, just as likely to occur as the transmission of normal 
physical characteristics or as insanity and deafmutism. The relation- 
ship between husband and wife in regard to pulmonary tuberculosis is 
far less close, and so indicates that infection is not the chief factor, for 
where selection of mates is freer, for example, among the middle classes, 
the relationship is closer than among the poor. Infection and acquired 
resistance, as Cummins has pointed out would, however, explain this as 
well as heredity. 

Race has unquestionably some relationship to the mortality from pul- 
monary tuberculosis. It has been found that more children among the 
Italians than among the Irish react to tuberculin but more Irish than 
Italian adults die from pulmonary tuberculosis. Here again racial 
temperament and infection complicate the study. Apparently savage 
races, as well as negroes and American Indians, show a lessened resistance 
to pulmonary tuberculosis. 

The whole question is greatly complicated by the fact that slight early 
infection increases resistance: to the tubercle bacillus, and some would 
affirm that this is the more plausible assumption (Cummins). The 
reaction to the tubercle bacillus of savage tribes who have never come 
in contact with the tubercle bacillus is no argument against a tuberculous 
diathesis, for, as Pearson has pointed out, such races may include many 
families with less natural resistance to the tubercle bacillus than others. 
Then again lack of all hygienic conditions makes massive infection from 
a tubercle bacillus carrier the rule. 
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If the host can react to the tubercle bacillus, it is also possible for the 
parasite to react to the host, as Dr. Welch pointed out in his Huxley 
lecture in 1902. The whole theory of exotoxins, that is, poisons given 
off from the living germ, is associated with the reaction of the parasite 
to the host. Another point of interest is the question whether such a 
reaction may lead to greater powers of resistance on the part of the germ, 
and so enable it to repel better the attack of the same strain of tissue. 
I mean by this that a tubercle bacillus which has successfully overcome 
the resistance of one offspring may prove of greater danger to another 
offspring of the same father and mother than one not so related. Paren- 
tal infection, according to this, would not be as dangerous as infection 
of offspring by offspring: There are no data on which to base this 
assumption, and accordingly no especial reason to forbid members of a 
family from nursing one another. 

In any case the question is not, as Pearl says, whether all disease is due 
to constitutional factors alone or to environment alone but how much 
influence does each factor exert in the development of the disease. The 
question is still unsettled, and I hope that Pearl’s work now under way 
will help much to clear this vexatious problem. 


SUPERADDED INFECTION 


Reference has been made to reinfections in the same individuals, and 
here again we are much at odds. Several years ago Behring stated that 
all tuberculosis was due to bovine infection, which was acquired early in 
life, remained latent during childhood, and only later in life developed 
from infection to disease. Much work has disproved this. A well 
known worker in tuberculosis wrote some years ago, “‘Childhood is the 
time of infection, youth the time of superinfection, and that from exten- 
sion of the primary disease.’’ This would of course exclude adult rein- 
fection, and would render any man or woman with a positive tuberculin 
reaction ordinarily immune to tuberculosis. The importance of these 
views inthe antituberculosis campaign is very evident. Only individuals 
who have been infected should engage in tuberculosis work for they, it 
would imply, are safe from further infection but, on the other hand, just 
as liable as others to the development of disease from the primary infec- 
tion. In fact, any one who reacted to tuberculin could pay little heed 
to further infection from without but much to the avoidance of-debilitat- 


ing circumstances. 
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THERE IS NO REINFECTION FROM WITHOUT 


Many arguments have been advanced to show that adult reinfection 
rarely, if ever, occurs, and that pulmonary tuberculosis is the develop- 
ment of childhood infection. We have said that 70 per cent of individ- 
uals have had tuberculosis in their bodies by the age of puberty, and some 
affirm that all are infected by the age of thirty. Infection occurs much 
more easily in early life. Apparently normal lymph nodes may contain 
living tubercle bacilli which are found at times even in completely calci- 
fied areas of former disease. Pulmonary tuberculosis follows more often 
depressing influences than any recent exposure to infection. Close asso- 
ciation in adult life causes apparently little increase in mortality of those 
so exposed. The fact that the lungs are chiefly affected in adult life 
may be due to the fact that injuries are less frequent than in childhood, 
and that the lungs are the great filter for any germs that escape into the 
circulation. 

Some have suggested that reinfection from without is less likely to 
occur when the resistance is lowered; for the tubercle bacilli in the body 
have already adapted themselves to the host and consequently the usual 
reinfection would be from within. If the tubercle bacilli can adapt 
themselves to the host, it is also-possible for the host to develop greater 
powers of resistance against this primary strain. Such reasoning is of 
course hypothetical, and Roemer could detect no difference in reaction 
in guinea pigs by inoculation of the skin. Infection from within is 
clearly the most common method of progression of the disease in experi- 
mental tuberculosis and of its spread to the lung, though reinfection 
from heavily contaminated feces and urine may be conceived. Roemer 
himself showed that only when very small doses were employed did 
animals fail to become superinfected, and not only the number but the 
virulence may overcome this resistance in man. 

Tubercle bacilli unquestionably long lie dormant in tissues apparently 
normal, though some claim more careful study would reveal microscopic 
disease; but it is difficult to see why doses sufficient to produce disease 
later in life, which some hold must be ‘‘massive,”’ do not produce disease 
at the time of infection early in life when the body is more susceptible 
to the tubercle bacillus. 

In a recent important and timely book Bushnell has attempted to 
show that only massive infecting doses, such as very rarely if ever occur 
in the life of man, can cause a reinfection from without. He assumes 
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that every individual who harbors tubercle bacilli may excrete them at 
times through his intestine. He also assumes that the vaccination from 
childhood infection persists throughout life, which we know is not true 
for calves and cattle. Tubercle bacilli which escape into the blood 
stream, he says, cause no new areas of disease. He quotes the experience 
of Lippspringe, where, with enormous numbers of consumptives (8,000 
per year in 1906-1909), crowded into narrow quarters with the natives, 
taking no special care of the sputum for many years, the tuberculosis 
mortality fell from 98 per 10,000 in 1831-1840 to 35 in 1906-1909. The 
population was 1440 in 1830, and 3472 in 1909. So, he argues, quoting 
Werner, that the contagionist’s view as to the high infectiousness of 
pulmonary tuberculosis is false. In Schlanger the same was true. It is 
of some interest to recall that for ten years no native in Saranac Lake 
(population about 5000) died from pulmonary tuberculosis, and the high 
death rate quoted in these two health resorts appears to suggest that 
either the death rate among children was excessive, or that the bad 
hygienic conditions fanned childhood infection into adult disease or that 
adults were reinfected. The argument is advanced that patients with 
malaria or syphilis are immune to further infections, and so by analogy 
a second reinfection with tubercle bacilli is not possible. This assumes 
that tubercle bacilli once in the body never die, for if syphilis be cured 
a second infection readily takes place. That the tubercle bacillus never 
dies has not been shown, and cattle experiments controvert this view. 
According to this view, the worst thing that could happen to a patient 
with pulmonary tuberculosis would be to recover entirely. 

Some years ago Mr. Pope and I attempted to prove infection. We 
collected 40,000 married couples, one of whom was tuberculous, both 
of whom were dead, and so, by excluding any connecting hereditary 
taint, hoped to arrive at some estimate of the danger of infection from 
husband to wife or vice versa. But even here “‘assortative mating,” 
that is, that persons with the same physical and mental tendencies are 
more likely to marry, enters and complicates the situation. ‘There was 
definite evidence of infection but two-thirds of this was thought by 
Pope and Karl Pearson to be due to assortative mating. If one wishes 
to deny this influence there is definite evidence of infection, though not 
great, of one consort by another. Most of the recent statistics on this 
fact are of small value as one, the healthy, or often both, of the parents 
are still alive. Though here too another difficulty enters, for some 
of the well spouses may develop tuberculous disease, and recover from it, 
only to die of nontuberculous disease. 
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Attention has been drawn by Hess to the fact that deaths from all 
forms of pulmonary tuberculosis increase very markedly at thirteen in 
girls and at sixteen in boys or, in other words, at puberty, which he 
thinks is the determining cause of this increase. He then states that if 
this is due to infection, such infection must have been continuous, which 
he disbelieves though he refers to “tubercle bacilli shedders.” He 
advances this as an argument against reinfection from without and in 
favor of reinfection from within. It could also be used as a demonstration 
of change or decrease of immunity at puberty which favors reimplantation 
of tubercle bacilli from without. 

Newsholme has pointed out that figures quoted from hospitals for 
the tuberculous when carefully analyzed may show that reinfection has 
occurred. The same holds for other figures (Freymuth). 


REINFECTION FROM WITHOUT OCCURS 


On the other side are many facts that suggest that reinfection from 
without may play a very important part in many cases. Krause has 
shown experimentally that a primary infection by the vein in guinea pigs 


leads to the temporary presence of tubercle bacilliin the lungs. A second 
infection by inhalation produces.a very different picture for here the 
tubercle bacilli are “fixed” in the lungs which react severely, and in 
certain immune animals the tubercle bacilli are destroyed apparently 
intime. In those individuals who have lost in large part their immunity 
or in whom the dosage is too large, no such retrogression occurs, and 
infection is followed at once by disease. 

It is also of interest to recall that Winternitz, from a study of poisonous 
gases, is led to conclude that the portal of entry of bacteria into the lungs 
is through the air currents which may finally deposit the germs in the 
ultimate recesses of the lungs. It has long been known that of all : 
natural methods of infection, that by inhalation requires the smallest 
dose. Even avirulent tubercle bacilli, when sprayed into the faces of 
guinea pigs, cause the formation of tubercle in the lungs, tubercles how- 
ever, which may ultimately disappear. This, of course, would explain 
what happens to many pulmonary infections in adults. It is also very 
suggestive that reinfections of guinea pigs by the vein does not lead to 
such a marked formation of pulmonary tubercles. The experiments that 
show that reinfections can occur in animals are numerous. In fact, 
Roemer, one of the great opponents to reinfection, had to use very 
minute doses of tubercle bacilli or he would reinfect his animals. In 
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some experimental work certain bacteria caused pneumonia only when 
sprayed into the air passages, and not when inoculated. It is of interest 
also to note that it is very difficult to infect rats by inoculation but 
comparatively easy to do so by the aerial route. We must bear in mind 
the fact that a primary infection by a moderate number of tubercle bacilli 
leads to involvement of the nearest (regional) lymph glands, while a 
secondary infection does not involve these glands. The work of Opie 
has convinced him that two types of tuberculous lesions exist in the lungs, 
one occurring anywhere in the lungs, not fatal, but often healed, and 
associated with involvement of the lymph glands; the other in the apex 
of the lung, often fatal, and not associated with involvement of the 
lymph nodes. The latter, he holds, is modified by the primary infection, 
though due toa slight infection which he implies, I take it, is from without. 

From figures collected by the Imperial German Bureau of Health, in 
a study of 1400 cases with reference to the occurrence of human and 
bovine tubercle bacilli, it was found that 50 per cent of the tuberculosis 
of the abdominal lymph nodes, 41 per cent of the lymph nodes of the 
neck, 23 per cent of general tuberculosis, and no cases of pulmonary 
tuberculosis where due to the bovine bacillus in children, where the 
infection is almost certainly due to imbibed milk. Adult pulmonary 
tuberculosis is due to the human type in 99.3 per cent of all cases, where 
the disease is manifest, and it is of interest to compare these figures with 
those where the infection is known to be by ingestion. [t implies to me 
that infection through the respiratory tract is often the cause of pulmo- 
nary tuberculosis, and that possibly in a larger number of cases than 
many would like to admit the cause of pulmonary tuberculosis is direct 
infection of the lung. Opie’s recent work on British and American sol- 
diers would suggest that infection (or reinfection?) by ingestion might 
preclude pulmonary disease. 

Ward in a study of rural tuberculosis in England comes to the con- 
clusion that adult infection does occur. In 252 cases, he attributed 
40 per cent to immediate infection, 19 per cent to remote, 10 per cent 
had only a doubtful contact and 31 per cent no discoverable contact. 
In 96 children, 74 per cent were immediate, 2 per cent remote, 1 per cent 
doubtful and 23 per cent negative. He investigated 102 nontuberculous 
control cases and found 5 per cent exposed to immediate, 7 per cent to 
remote infection, 6 per cent to doubtful, and 82 per cent to none. A 
study of 77 tuberculous soldiers showed 5 per cent immediate, 26 per 
cent remote, 2 per cent doubtful and 67 per cent negative exposure. 
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The argument, that never in adult life is the infecting dose of tubercle 
bacilli large enough to bring about reinfection and disease, can be opposed 
by the statement that a series of reinfections, each of which is small in 
itself, may aggregate in the whole a fairly large dose. None deny that 
massive infection from without can produce disease in adult life. Some 
who deny reinfection emphasize the importance of tubercle bacillus 
shedders, which they say, play a large part in primary infection, but none, 
they imply, as sources of reinfection. Another interesting fact is that 
adult pulmonary tuberculosis is almost always situated at the periphery 
where inhalation infection would explain it, while childhood infection 
most often arises around the roots of the lungs. In the cases whose 
tubercle bacilli in the primary infection are well walled off, debilitating 
conditions can be supposed to arise which might lead such foci to act 
like loci minoris resistentiae for a superinfection from without, while 
still preventing infection from within. The whole thing seems to be a 
matter of the balance of resistance and dose and possibly virulence. 

The experience with immunity in cattle is of interest in this connection. 
Without going into detail, it may be recalled that calves can be immun- 
ized by the injection of human tubercle bacilli, and when placed in a 
cow barn with tuberculous cows remain well for many months; but 
after two years many, if not most, of them develop pulmonary tubercu- 
losis due to the bovine germ. Either one of two things has happened; 
first, the human tubercle bacillus has been changed into the bovine or, 
second, a secondary infection has taken place from without, and disease 
has resulted. The transformation of one type of tubercle bacillus into 
another has never been observed and we are forced to accept the latter 
explanation. Calmette’s recent work with bovine tubercle bacilli has 
also upheld this conclusion. 

Deaths from tuberculosis occur least frequently between the ages of 
ten and fifteen. From this time on the mortality from tuberculosis 
increases, and the lungs are the organs most frequently attacked. After 
this age the bovine infection, which was fairly frequent before, now 
becomes, so far as the lungs are concerned, almost negligible. Previous 
reference has been made to the possible changes that occur in the body 
at this time and their possible bearing upon the bovine tubercle bacillus. 
It has seemed to me possible that many of the tuberculin reactions in 
the skin that occur early in life may be due to infection by the bovine 
tubercle bacillus for the reasons already mentioned. About puberty 
many of these infections probably become quiescent or die out entirely. 
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In fact, bovine tubercle bacilli, virulent for rabbits, have been inoculated 
subcutaneously into men, some of whom were tuberculous, but in 
none of the fourteen instances did anything more than a local abscess 
ever develop. Bovine tubercle bacilli are more susceptible to light 
and drying than human. It is also conceivable that infection by greatly 
weakened tubercle bacilli may bring about immunity, though in time 
they also may gradually weaken and die. From this time on the immun- 
ity which has apparently existed from the eighth or ninth to the fifteenth 
or sixteenth years begins to decrease, and from the twentieth to the 
thirtieth years the decrease is very marked, if increase of mortality is an 
indication. 

Personally, I do not believe that all the immunity reactions are lost; 
for I believe that cellular immunity outlasts by far any of the humoral 
indications that we have. It seems to me that we must in our inter- 
course with the world come in frequent contact with the human tubercle 
bacillus, and as we grow older it is probable that infected objects play a 
smaller part in our reinfections. ‘Inhalation infection requires far fewer 
tubercle bacilli than ingestion, and it seems to me possible that sooner 
or later all of us breathe tubercle bacilli into our lungs. Where the 
cellular immunity persists the tubercle bacilli are probably attacked 
and localized in the first mass of lymph cells they reach. I do not be- 
lieve that many of these infections ‘‘take,” that is, develop into disease, 
but sooner or later some do, and the resulting pulmonary tuberculosis 
is due to this secondary infection occurring from without in adult life. 
This does not mean that the reinfection may not lie dormant for a long 
time, for in many instances I believe it does. Nor would I deny that 
tubercle bacilli entering the body through the upper respiratory tract or 
elsewhere may not reach the lymph vessels, and passing through the 
blood find a lodging place in the lungs, there to act similarly to those 
inhaled. Iam inclined to believe that 50 per cent of all adult pulmonary 
tuberculosis is due to reinfection after puberty. Reinfection is probably 
less frequent after the third decade. For these reasons it seems to me 
that the care of the patient with advanced pulmonary tuberculosis is 
very important in the eradication of adult pulmonary tuberculosis on 
account of this danger of superinfection. 
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FACTORS THAT FAN INFECTION INTO DISEASE 


That reinfection can occur from within cannot be denied. Complica- 
tions arise in organs not exposed to direct infection from without. Clin- 
ical relapses occur and the areas of disease spread both to the same and 
to the opposite lung. Symptoms arise for the first time in disease of the 
lung which both physical signs and X-ray plates show is of long standing. 
Trauma also causes apparently new localizations of the tubercle bacilli 
and tuberculous disease which did not previously exist, but affects pul- 
monary tuberculosis but little. The strain of pregnancy lights up not 
only known disease but brings to light unsuspected disease in women 
hitherto apparently healthy. Measles acts in a similar way, and some 
hold the same is true for the common colds and influenza. Whether 
pulmonary tuberculosis results from reinfection from within from a pri- 
mary childhood infection or from an adult reinfection from without, it 
is probable that more or less time elapses between reinfection and clinical 
disease. This latent period may vary from a few weeks to many years; 
for it is a question how soon, if ever, some tuberculous infections die out. 
(Some hold that even acute tuberculosis is always due to reinfection.) 
The fact that the vast majority of all adults have been infected, have 
been able to hold the pathological changes thus produced in abeyance, 
indicates that they have some resistance, and it therefore becomes very 
important—I cannot stress it too much if all of us become infected—to 
know what untoward circumstances upset the balance in favor of the 
body and turn the scale to favor the germ. 

The development of infection into definite clinical pulmonary tuber- 
culosis may be due to any debilitating circumstance. Recently, it has 
been pointed out that lack of sufficient food has increased the mortality 
from tuberculosis in Germany, until it has risen to what it was twenty 
to thirty years ago. It would appear from this that increased wages 
which would provide better food would also decrease the amount of 
pulmonary disease and the number of cases that die from it. Too little 
use of milk as a food is also an important factor. 

Dusty trades have been much studied recently, and some have come to 
the conclusion that only certain dusts are of much importance, depend- 
ing upon the character of the individual particles, and upon the chem- 
ical composition. Sharp, angular particles of dust, metallic or mineral 
dust, are much more dangerous than street or organic dusts. Gardner 
has found tubercle bacilli more frequently in the lungs of guinea pigs 
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which had inhaled granite dust than in the controls, but the “dusted” 
animals had a longer life. Colds are a frequent precedent of the develop- 
ment of clinical pulmonary tuberculosis, and it has been suggested that 
adsorption of certain antitryptic ferments by the bacteria circulating 
in the blood during these infections might bring about this condition. 
Measles and influenza affect for a time the sensitiveness of the body, 
and some think in this way favor the spread of infection into disease. 
Repeated pregnancies and lactation are held to do the same thing, not 
only for cows, but for women aswell. Indeed a single pregnancy at times 
appears to cause clinical pulmonary tuberculosis. Diabetes also pre- 
disposes to clinical disease. 

In another large class fall all those conditions that we feel prevent the 
recovery of patients with pulmonary tuberculosis. These may act to 
change quiescent infection into active pulmonary disease. Change from 
an outdoor to an indoor life is bringing down many of our boys who 
fought in the war. Severe physical exertion acts only when the thread 
of resistance is nearly broken. Poor housing, insanity, dirty quarters, 
may also favor infection from without, but Todd, who has studied the 
situation in Chicago, feels it is difficult to prove by statistics the direct 
relation between tuberculosis and house. Chicago, he believes, contains 
more small bedrooms than any other city. The Italian blocks have more 
opportunity for crowding in small bedrooms but less crowding occurs 
than in Polish blocks, and yet have more tuberculosis. Curiously he 
finds more tuberculosis in blocks where children are fewest. The eco- 
nomic environment in the house, the use made of the house, and other 
factors, not as yet studied, for example, the history of the occupants of 
a single house over a term of years, all enter into and disturb any con- 
clusions. Hence the term “‘house disease” must be applied to tubercu- 
losis with caution. I would refer any one interested in this subject to 
the bibliography compiled by James Ford (American Journal of Public 
Health, vol. x, 1326). 

Pulmonary tuberculosis is closely connected with the general death 
rate, and often rises and falls as it does. Poor general sanitation, partic- 
ularly where bad water supply favors intestinal diseases like typhoid 
fever or where intestinal parasites are frequently found, all produce 
apparently more pulmonary tuberculosis. 

It must not be forgotten finally that inability to take needed rest, too 
long hours of work, particularly in poorly ventilated rooms, inability to 
relax or to play, or again too hard play after long hours of work, burning 
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the candle at both ends, all cause pulmonary tuberculosis to spread in 
extent and can fan into existence an all but eradicated infection. 

The whole subject of the etiology of pulmonary tuberculosis is still 
far from settled. I shall offer no conclusions to what I have said. All 
of us have our eyes fastened on this school of hygiene, hoping it will lead 
us into newer, clearer conceptions of the causes of pulmonary tuberculosis, 
and so enable us to bring about a great reduction of this disease, which 
to-day takes so large a toll of mankind at its period of greatest efficiency. 


THE EFFECTS OF LIMITING THE RESPIRATORY 
EXCURSIONS OF THE UPPER THORAX IN 
REFRACTORY CASES OF PULMONARY 
TUBERCULOSIS 


A PRELIMINARY REPORT 
HENRY SEWALL anp SAMUEL SWEZEY 


From the National Jewish Hospital for Consumptives, Denver, Colorado 


Of all the procedures that have been applied to the control of the 
toxic symptoms of pulmonary tuberculosis none can be compared for 
dramatic effectiveness to the induction of artificial pneumothorax. 

Curiously enough, the literature is nearly silent on the final results 
of this treatment; nevertheless, the near phenomena of amelioration are 
so striking that we may be justified in assuming that collapse of the 


diseased lung through the introduction of air into the pleural cavity 
involves at least some of the essential factors in the cure of tuberculosis. 
It is by no means self-evident as to how such pulmonary collapse accom- 
plishes symptomatic improvement. Could we be sure of the details 
of the process there would be established, in general consent, a rational 
scheme of treatment. 

We have now and then asked experienced clinicians their views as to 
just how artificial pneumothorax helps in the treatment of tuberculosis. 
The answers were delphic in their ambiguity; they explained every- 
thing and nothing. 

Without dwelling longer on this theoretical, if highly important, 
theme, we will venture to state explicitly certain views as to the rationale 
of pneumothorax therapy. We assume (1) that the prime effect of 
pulmonary collapse is reduction in the amount of toxins given over from 
the diseased lung to the general circulation. We assume (2) that the 
chief agency in the dissemination of toxins is the respiratory movement 
of the lung; that, by means of its excursions the lung acts as a veritable 
pump for the distribution of its liquid contents; that, given an intra- 
pulmonary reservoir of poison open tothegeneral circulation, its contents 
will be mobilized with a rate proportionate to the amplitude and rapidity 


of respiratory movement. 
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We claim no originality for these views, but only that they are clear. 

We purposely hazard no guess as to what changés are induced in the 
lung on the side opposite to that of pulmonary collapse. One of us has 
ventured, in another place, to approach this subject (1). If the propo- 
sitions announced above be admitted, it follows that the distribution 
of toxins from a diseased pulmonary focus will be brought to its minimum 
by inhibiting motion of the part. It is a demonstrable fact that the lungs 
in their respiratory movements rather strictly follow the. local excursions 
of the adjacent overlying thoracic parietes. When respiratory movement 
is limited to the diaphragm it is the very bases of the lungs that move 
most widely, the extent of motion rapidly diminishing upwards. When 
the upper chest expands, respiratory motion involves the upper lobes 
in proportion to the excursion of the. overlying ribs. Now, it is familiar 
enough that, broadly speaking, pulmonary tuberculosis is a disease of 
the upper part of the lungs, its intensity being concentrated between the 
hilum and the extreme apex. 

Remembering the data of our argument, the deduction is obvious 
that were we able to inhibit respiratory motion in, say, the first four 
ribs we could, without seriously imparing the vital capacity of the chest, 
so restrict the motion of the principal areas of pulmonary disease that 
distribution of the toxins therefrom would be greatly reduced. Every 
medical student is familiar with the therapeutic uses of strapping the 
chest. In fact, a Colorado medical pioneer, the late Charles Denison, 
probably left little to be accomplished in this regard beyond his ingenious 
devices for unilateral immobilization of the chest (2). As may have 
been anticipated, our own scheme for fixing the upper ribs has to do with 
an encircling band which must symmetrically restrain inspiratory move- 
ment of the upper ribs of each side. We are aware that this method 
has been applied before, but we can find no definite description of the 
procedure and its purpose. 

We would not have felt justified in applying our treatment, at the 
outset at least, to the ordinary case of pulmonary tuberculosis. We 
have used it for the reduction of toxemia only in such patients as still 
showed fever or toxic symptoms after prolonged bed rest, such as would 
usually fit the subjects for active exercise. Two distinct classes of cases 
fall within this category; the first consists of persons who, without marked 
signs of tissue disintegration, are evidently hypersusceptible: to tuber- 
cularization; the second class is composed of that great group of “third- 
stagers,’ whom by common consent we try to make comfortable while 
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they live and render as harmless as possible until they die. We have not 
even applied the method within this group to cases that would seem to 
admit of the artificial pneumothorax. Our cases were, on the whole, 
such as seemed unamenable to other therapeutic aid. 

Among the approximately 170 patients at the National Jewish Hospital 
for Consumptives at Denver there is always a large contingent of invalids 
far advanced in disease. The great majority are of Jewish stock and 
are peculiarly temperamental. The present nursing facilities of the 
hospital do not admit of general absolute bed rest for inmates. Except 
when acutely ill, patients visit the bathrooms for washing and toilet 
purposes, walking a distance of 40 to 60 yards for the purpose. Moreover, 
they commonly sit up for meals at bedside tables. Under these conditions 
it may be believed, it is common to find patients running an irregular and 
elevated temperature and with various signs of toxemia month after 
month. 

Dr. Swezey, Medical Superintendent of the hospital, selected half a 
dozen especially refractory cases for treatment by the plan described. 
It should be said that care was taken to change in no particular the 
treatment of the selected patients, except to restrict the motion of the 
upper ribs. 

Our first experiments were made by encircling the chest, for a width 
of some three inches, with overlapping strips of adhesive plaster, applied 
while the patient held his breath in expiration, the upper level of the 
strips reaching high into the axille. For obvious reasons, the adhesive 
plaster was applied not directly to the skin, but over a light bandage. 

Injury to the axillary folds was avoided by local padding with absorbent 
cotton. Later it was considered preferable to substitute for the plaster 
simple belts made of dressmakers’ belting, known to the tradeas “herring- 
bone belting.” Strips of this material, 3 to 3} inches wide, were 
cut long enough to overlap some 5 inches when encircling the chest. 
To one end of the belt three buckles were stitched; and corresponding 
strips of webbing, such as is used in suspender garter straps, were sewn to 
the belt about 5 inches from the other end. It may be clear that the 
belt so constructed can be buckled tightly around the chest with an 
adjustable range of several inches. Belts of different lengths must, of 
course, be provided to fit various girths of chest. We have found a 
range of 26 to 33 inches in length to suffice for all the paients with whom 
we have dealt. With materials at hand, an average worker can, on 
the sewing machine, put one of these belts together in ten minutes. 
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As, in spite of its tight stricture, a belt often tends to slip down, it was 
held in place by a narrow shoulder strap running through loops, one at 
the back and two in front, on the belt and fastened, like the latter, by 
a buckle. Careful padding of the axillae was necessary to prevent abra- 
sion of the skin. Patience and care seldom failed to make the wearing of 
the belts tolerable if not indifferent to the invalid. 

The patient was instructed that the sole object of the belt was to 
inhibit motion of the upper chest and restrict respiratory movement 
to the diaphragm and that the belt could be loosened as these purposes 
were accomplished. Some patients, women especially, could not sleep 
comfortably in the belts at first; in which event the girdle was loosened 
or removed at night. In practically all cases, however, the belt in 
time was worn continuously without complaint. So obvious was the 
advantage of the procedure in certain cases that after it had been in 
operation some weeks patients began to volunteer requests to be treated 
with the appliance. 

As will be seen from the detailed reports of the cases, there was a general 
improvement in the range of body temperature, but what cannot be 
portrayed was the frequently marked symptomatic improvement mani- 
fested in the elimination of the evidences of intoxication. An interesting 
objective sign of the operation of the method on the diseased lungs is 
given by comparing the skiagrams of the chest taken before and after a 
course of treatment. The second group of plates shows asomewhat uni- 
form increase in the density of the shadows which we ascribe to the 
establishment of healing fibrosis. Unfortunately these details are not 
such as easily lend themselves to graphic reproduction. 

Up to the date of writing, April 15, 1921, eighteen patients have been 
treated at the hospital for various periods. The following is a brief 
summary of the results: The cases reported include only those that had 
or have worn the belt more or less continuously from eighteen days to 
five months. These are 18 in number. Three cases grew worse; 2 
cases were not materially changed; 13 cases improved. A case (3794) 
that was possibly injured by the belt was that of a young woman who 
was about to be dismissed as hopeless. Besides extreme pulmonary 
involvement there was shown by X-ray a large filling defect, probably 
tuberculous, in the transverse colon. For ten days or more after 
application of the belt, her temperature and other symptoms abated 
markedly, but then the abdominal disorder became more obtrusive 
and the belt was removed. We concluded that a prominent contra- 
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indication to restriction of costal respiration is found in tuberculous lesions 
below the diaphragm because, of course, the increased abdominal motion 
contravenes in this area that rest for active foci which theory demands. 

In 2 of the 18 cases, no essential change in the clinical condition could 
be detected asa result of the treatment. Eight patients somewhat more 
than held their own during treatment, and these are recorded as 
“improved.” Four patients were “much improved.” One patient 
was “very much improved.” It was a common experience to witness 
a sharp rise in the temperature curve on the day when the belt was 
removed and a subsidence of the fever when the pressure was 
resumed. 

Considering the class of patients included in the above summary, these 
results are encouraging and we are inclined to believe that the method 
as illustrated, or some modification of it, offers to the clinician a new 
technical procedure of value. Bearing in mind that the theory on which 
restriction of costal movement is advised assumes that the poison- 
producing foci are essentially aggregated within the zone of compres- 
sion by the belt, it is obvious that when active lesions are seated in the 
inferior half of the lungs, or below the diaphragm, as in the case 
recorded above, we should expect that compression of the upper chest 
would do harm rather than good. 

Certain of our patients have worn their belts more or less continuously 
for over five months with rather general improvement in their clinical 
condition. We are inclined to advise, however, that in most cases the 
application of the belt be made a temporary resort and combined with 
bed rest, and that the stricture be removed when the body temperature 
has remained normal for several days. This is but a preliminary report 
and the device described has not yet been applied during hot summer 
weather. 

CASE REPORTS 

No. 3664. B.A. Male. Age thirty-five. Admitted May 16, 1919. Duration of disease 
about two years. Extent: Far advanced pulmonary tuberculosis. Marked involvement 
scattered throughout both lungs, especially on left. Large cavity in upper left. Also 
chronic tuberculous laryngitis. Chronic nephritis. Character of symptoms: Almost constant 
headaches. Frequent attacks of dizziness. Rapid loss of weight and strength. Cough 
and expectoration. Feverupto101°. Belt applied November 5, 1920. Belt worn to date, 
April 15, 1921. Change in symptoms and signs following application of belt: No objective 
signs of improvement. Patient, however, claims he is feeling better and insists on wearing 


the belt. Condition unchanged. 
No. 3708. M.P. Male. Age thirty. Admitted July 18,1919. Duration of disease 
about three years. Extent: Far advanced pulmonary tuberculosis. Extensive involve- 
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ment throughout both lungs especially on right. Large cavity in upper right. Character 
of symptoms: Severe cough and expectoration. Fever up to 101°. Weakness, dyspnoea. 
Belt applied November 8, 1920. Belt worntodate. Change in symptoms and signs following 
application of belt? Temperature somewhat lowered. Cough and expectoration slightly 
improved. Condition slighily improved. 

No. 3794. L.K. Female. Age twenty-two. Admitted January 30, 1920. Duration 
of disease about two anda half years. Extent: Advanced pulmonary tuberculosis. Marked 
involvement throughout both sides with considerable consolidation’and fibrosis. Cavity 
formation in upper left. Tuberculous enteritis. Character of symptoms: Very severe 
cough and expectoration. Average temperature variation, 97°—101°.. Extreme weakness, 
Headaches. Abdominal distress. Belt applied October 28, 1920. Belt worn until Decem- 
ber 4, 1920. Change in symptoms and signs following application of belt: Probably aggra- 
vated abdominal condition. Abdominal pains and distress more frequent and more marked. 
Condition worse. 

No. 3816. J.C. Male. Age eighteen. Admitted March 21, 1920. Duration of dis- 
ease about two years. Extent: Advanced pulmonary tuberculosis. Some involvement 
scattered through both lungs. Probable cavity in upper left. Character of symptoms: Oc- 
casional fever up to 99.5°. Lack of appetite. Cough and expectoration. Weakness. Loss 
of weight. Belt applied March 11,1921. Belt worntodate. Change in symptoms and signs 
following application of belt: Cough, expectoration and appetite slightly improved. Feeling 
better. Temperature normal. Condition slighily improved. 

No. 3819. C.K. Female. Age twenty-one. Admitted March 25, 1920. Duration 
of disease about two years. Extent: Moderately advanced pulmonary tuberculosis. Some 
involvement in upper right. Considerable fibrosis and glandular changes in both hila. 
Considerable involvement scattered throughout both lungs. Character of sympioms: Fever 
up to 100. Loss of weight, weakness. Cough and expectoration. Artificial pneumothorax 
tried first on right: no results (adhesions). Then tried on left: no results. Belt applied 
March 7, 1921. Belt worn until March 25, 1921. Condition unchanged. 

No. 3829. L.G. Male. Age twenty-seven. Admitted April 23, 1920. Duration of 
disease about two years. Extent: Advanced pulmonary tuberculosis. Considerable in- 
volvement of both uppers, especially the left. Considerable inflammatory mottling through- 
out both bases. Character of symptoms: Lack of appetite, tired feeling. Slight loss of 
weight. Cough and expectoration. Belt applied February 28, 1921. Belt worn to date. 
Change in symptoms and signs following application of belt: Slight gain in weight. Appetite 
improved. Cough and expectoration greatly improved. Feels stronger, has more “pep.” 
Condition improved. 

No. 3836. I. H. Male. Age twenty-seven. Admitted May 5, 1920. Duration of 
disease about one year. Extent: Considerable involvement of upper left. Some scattered 
throughout lower left. Peribronchial thickening. Tuberculous otitis media on left. Char- 
acter of symptoms: Maximum temperature frequently up to 100°. Weakness, lack of appe- 
tite, cough and expectoration. Extreme nervousness. Belt applied February 28, 1921. 
Belt worn to date. Change in symptoms and signs following application of belt: "Temperature 
down to normal. Cough and expectoration greatly improved.. Appetite better. Nervous- 
ness greatly relieved. Condition much improved. 

No. 3850. S.F. Male. Age thirty-one. Admitted May 29, 1920. Duration of dis- 
ease about two years. Extent: Far advanced pulmonary tuberculosis, with cavity forma- 
tion in upper left. Considerable involvement scattered throughout both lungs. Chronic 
laryngitis. Character of symptoms: Severe cough and expectoration, extreme weakness, 
loss of weight. Anemia. Temperature up to 101°. Confined to bed. Hemorrhage, August 
4, 1920, two ounces. Belt applied November 2, 1920. Belt worn two months and three 
days. Change in symptoms and signs following application of beli: Markedly improved. 
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Great diminution of cough and expectoration. Perfectly healthy complexion. Temper- 
ature, pulse and respiration normal. Gained about twenty-five pounds. Condition very 
much improved. 

No. 3872. L. S. Male. Age twenty-eight. Admitted July 11, 1920. Duration of 
disease about two years. Extent: Advanced pulmonary tuberculosis with marked in- 
volvement throughout both lungs. Cavity formation in upper left. Character of symptoms: 
Severe cough and expectoration, temperature 103°, pulse 140. Loss of weight, extreme 
weakness, night sweats, extreme nervousness. Belt applied October 31, 1920. Belt worn 
to date. Change in symptoms and signs following application of beli: Great diminution 
in cough and expectoration. Temperature came down to 99°—100°. Gained weight. 
Condition improved. 

No. 3883. H.D. Male. Age thirty-one. Admitted July 29, 1920. Duration of dis- 
ease about five years. LExient: Far advanced pulmonary tuberculosis with marked involve- 
ment throughout both lungs. Pleuritic thickening and fibrosis in upper right. Shifting 
of mediastinum to right. Multiple cavity formation in upper right. Small cavity formation 
in upper left. Character of symptoms: Loss of weight, weakness, slight fever up to 100°, 
streaked sputum, considerable cough and expectoration. Confined to bed. Belt applied 
November 11, 1920. Belt worn to date. Change in symptoms and signs following appli- 
cation of belt: Marked diminution in cough and expectoration. Temperature, pulse and 
respiration normal. Condition much improved. 

No. 3884. D. C. Male. Age forty-nine. Admitted July 29, 1920. Duration of 
disease about two years. Extent: Far advanced pulmonary tuberculosis. Marked involve- 
ment throughout both lungs, especially uppers. Considerable fibrosis. Cavity formation 
in upper right. Character of symploms: Severe cough and expectoration. Extreme weak- 
ness, loss of weight, loss of appetite. ‘Temperature variations 97°—101°. Hemoptyses. 
Confined to bed. Belt applied November 13, 1920. Belt worn until February 15, 1921. 
Condition worse. 

No. 3907. A.S. Male. Age twenty-seven. Admitted September 6, 1920. Duration 
of disease about one and a half years. Extent: Far advanced pulmonary tuberculosis. 
Marked involvement in both lungs, especially the left. Annular shadows in both uppers. 
Tuberculous laryngitis. Character of symptoms: Very severe cough and expectoration. 
Belt applied January 5, 1921. Belt worn until February 3, 1921. Change in symptoms 
and signs following application of belt: Cough and expectoration for which belt was applied 
greatly relieved. Condition improved. 

No. 3947. M.T. Male. Age thirty. Admitted November 18, 1920. Duration of 
disease two years. Extent: Far advanced pulmonary tuberculosis. Considerable involve- 
ment throughout both lungs. Cavity formation in upperright. Chronic laryngitis. Chronic 
interstitial nephritis. Character of symptoms: Severe cough and expectoration. Tem- 
perature up to 100° — 101°. Weakness, loss of weight. Loss of appetite. Belt applied 
January 5, 1921. Belt worn to date. Change in symptoms and signs following application 
of beli: Temperature and pulse down to normal. Considerable improvement in cough 
and expectoration. Condition improved. 

No. 3950. J. C. Male. Age twenty-seven. Admitted November 22, 1920. Duration 
of disease about six months. Extent: Far advanced pulmonary tuberculosis. Marked 
involvement throughout right lung. Cavity formation in upper left. Tuberculous laryn- 
gitis. Character of symptoms: Severe cough and expectoration. Extreme weakness. Loss 
of weight, night sweats. Temperature 102°. Belt applied December 4, 1920. Belt worn 
until January 14, 1921. Condition worse. 

No. 3955. E. B. Female. Agetwenty-five. Admitted November 29,1920. Duration 
of disease about four years. Extent: Advanced pulmonary tuberculosis. Marked in- 
volvement throughout both lungs. Annular shadows in both uppers. Diaphragmatic 
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adhesion on the left. Character of sympioms: Temperature up to 100°. Severe cough 
and expectoration. Weakness, loss of weight. Belt applied January 23, 1921. Belt 
worn to date (belt loosened every night). Change in symptoms and signs following appli- 
cation of belt: Temperature down to normal (with rare exceptions up to 99.2°), Cough and 
expectoration improved. Slight gain in weight. Condition improved. 

No. 3962. C.S. Female. Age twenty-six. Admitted December 8, 1920. Duration 
of disease about three years. Exteni: Advanced pulmonary tuberculosis. Considerable 
involvement of both lungs. Annular shadow in upper right. Bronchial changes through- 
out both bases. Character of symptoms: Occasional fever up to 99.6°. Weakness. Pain 
in the shoulders. Mild digestive disorders. Considerable cough and expectoration. Belt 
applied February 15, 1921. Belt worn to date. Change in symptoms and signs following 
application of belt: Cough and expectoration improved. Temperature normal. Condition 
slighily improved. 

No. 3970. A.S. Male. Age thirty-seven. Admitted December 25, 1920. Duration 
of disease about six months. Extent: Far advanced pulmonary tuberculosis. Consid- 
erable involvement throughout both lungs especially the left. Consolidation of whole 
upper and one-half of lower lobe on left. Cavity formation upper left. Character of symp- 
toms: Severe cough. Extreme weakness. Very high temperature at times reaching 104°. 
Pneumothorax attempted on leit side: unsuccessful on account of adhesions. Belt applied 
February 28, 1921. Belt worn to date. Change in symptoms and signs following applica- 
tion of belt: Temperature dropped down to normal on second day after belt was applied. 
Great improvement of all symptoms. Condition greatly improved. 

No. 3977. C. G. Male. Age thirty-six. Admitted January 11, 1921. Duration of 
disease about two and a half years. Extent: Advanced pulmonary tuberculosis. Marked 
involvement of both lungs with fibrous changes and inflammatory mottling in both uppers. 


Fibrous changes in both hili especially in the right. Adhesions to right diaphragm. Char- 
acter of symptoms: Severe cough and expectoration. Daily temperature up to 101°. Weak- 
ness, loss of appetite. Belt applied January 23, 1921. Belt worn until March 24, 1921. 
Change in symptoms and signs following application of belt: Temperature down to normal. 
Cough and expectoration greatly improved. Appetite improved, gaining weight. Con- 
dition greaily improved. 
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THE SPLEEN AS AN APPROXIMATE INDEX OF TUBER- 
CULOUS INVOLVEMENT AFTER SUBCUTANEOUS 
INFECTION 


O. B. RENSCH anp MARY MOORE 


Research Department, National Jewish Hospiial for Consumptives, Denver, Colorado 


In studying the effect of therapeutic procedures it is common practice 
to resort to the use of an easily infected animal. This is exemplified, 
for instance, in testing the value of an antipneumococcus serum, for 
which purpose the highly susceptible mouse is made use of. It is true 
that in tuberculosis the time interval of infection and development 
of disease is greatly increased over that necessary in experiments in 
the acute diseases, so that in this case it seems- even more desirable 
to use animals with the greatest susceptibility to experimental inoc- 
ulation. The chronicity of the course of tuberculosis in itself magni- 
fies the possible pathological differences, besides introducing marked 
individual variations. As the time of study increases the pos- 
sibility for uniformity of results naturally becomes less. It is for this 
reason that comparative studies on the resistant animals, for example, 
dogs, rabbits, rats and mice, possess decided disadvantages over such 
studies in the susceptible guinea pig, It is true that it might be argued 
that the course of the diseas¢ in the guinea pig is so rapid that slight 
differences might be overlooked. Here we are compelled to decide 
whether fine details in observation are not well worth sacrificing, to 
avoid the errors encountered by a too prolonged period of observation 
necessary when using the highly resistant animal. It might even be 
ventured that the lack of value of specific or chemotherapeutic studies 
on man in tuberculosis can be accounted for by the prolonged chronic 
and uncertain course of the disease in this case. 

It is not the purpose of this paper to dwell upon the detailed mechanism 
of tuberculous infection in the guinea pig, nor to attempt an anatomic 
description of this animal, since this has been done so excellently and 
elaborately by Krause (1) who also cites the earlier work on this subject 
by Arloing in 1892 and Oehlecker in 1907. We wish merely to 
report in rather more empiric fashion the results of the inocula- 
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tion of graded doses of virulent human tubercle bacilli into guinea 
pigs under approximately uniform conditions of experiment. Krause’s 
experiments were performed in almost identical fashion to that used 
in the experiments to be reported below, except that he injected 
large doses of bacilli subcutaneously, although he at times utilized two 
different strains of bacilli, one of high and one of moderate virulence. 
Since it has been observed, in using graded doses of bacilli given sub- 
cutaneously to guinea pigs, that the spleen at definite intervals reveals 
certain approximate findings correlated to the genéral tuberculous 
condition of the animal, this organ will be given greater consideration 
in this paper. 

Krause maps out the course of the bacilli from the subcutaneous 
site of inoculation as follows: To the superficial inguinal nodes, the 
deep inguinal nodes, the common iliac nodes, the plexus and nodes of 
the abdominal aorta, the thoracic duct, into the venous system and 
then into the lungs, tracheobronchial lymph nodes, spleen, liver and 
other organs. After the last (most central) node is passed, particles 
reach the thoracic duct and thence. the venous system, from which 
all particles converge toward the lungs, through which they may pass 
or in which they may be arrested. Those particles that pass through 
the pulmonary blood vessels are distributed dispersively by the sys- 
temic arteries to the several organs and parts of the body. The spleen 
receives particles by way of the splenic artery alone. Such particles 
may pass through the spleen by way of the blood vessels or they may 
be fixed in the spleen. Those that pass through go direct to the liver 
by the splenic and portal veins. Those that are fixed may remain in 
the lumina of the smaller vessels or be carried out of these into the 
lymphatic system. In the lymphatic system they may be arrested 
in lymphoid collections (Malpighian bodies) or be carried further to 
the splenic node, the cisterna chyli, thoracic duct and venous system, 
whence they return to the lungs. 

After large subcutaneous injections Krause found bacilli in all the 
nodes and tissues examined from four days after infection on. The bacilli 
had within this time passed all lymphatic barriers, had got from the 
lymph stream into the blood, had passed by the blood into the lungs, 
had left the lumina of the smaller blood vessels of the lungs, had gone 
into the pulmonary lymphatics and had by these been carried to the 
tributary tracheobronchial nodes. 
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Although the above data give valuable information it is unfortunate 
that for the sake of completeness studies of graded doses of bacilli were 
not included, since it is conceivable that small doses may act quite. 
differently, especially as regards their rate of appearance in the various 
organs from very large doses. 

Krause also well describes the evolution and spread of macroscopic 
changes from the point of inoculation in the guinea pig. The site of 
inoculation of bacilli exhibits acute subcutaneous reaction up to the 
ninth day after the infection. Beginning at six days, distinct changes 
are to be noted in the superficial inguinal nodes; at this time the latter 
are “slightly enlarged and a little more opaque than normal;” at twelve 
days “enlarged, opaque and with yellowish spots” (necrosis); at eigh- 
teen days, there is an abscess of the soft tissues and “‘ proceeding cep- 
halicwards a chain of five to seven enlarged nodes, of which the-one 
next to the abscess is largest and shows necrotic spots.” At six days the 
iliac node is “‘somewhat enlarged;” while at eighteen days it is “as 
large as a bean and necrotic.” The first time that the spleen can be 
called grossly tuberculous is at twelve days, when it may show small, 
yellow tubercles; and at eighteen days and afterwards lesion is always 
well established. The paraortic nodes were noticeably enlarged from 
twelve days on. The lungs never exhibited gross tubercle,—up to 
twenty-six days. The first time that the tracheobronchial nodes were 
unquestionably grossly tuberculous was at twenty-two days, though 
before this there were suggestions of tubercle in these nodes. 

Until considerable enlargement occurs, early gross tuberculosis of the 
tracheobronchials is difficult to determine. The nodes are often com- 
pletely involved without a trace of necrosis. At eighteen days the 
retrosternal nodes were ‘“‘enlarged, firm and opaque.” 


In summarizing, Krause states; 


By the method of tissue inoculation it has been shown that after subcuta- 
neous (right groin) infection of guinea pigs with massive doses of tubercle 
bacilli, the bacilli are carried centralwards by the lymphatic stream and thence 
into the blood throughout the body with great facility and rapidity. At four 
days and earlier they have reached the iliac node of the inoculated side by 
way of the lymphatics. At four days and perhaps earlier they are present in 
the spleen. At four days they are also in the lung and tracheobronchial 
nodes. Most of those in the tracheobronchial nodes represent bacilli which 
have been carried out of the pulmonary blood vessels and thence over to 
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intrapulmonary lymphatics by which they drained to the nodes. . . . At 
any given time during the period of from four to nine days after infection 
there are more bacilli in the iliac node of the inoculated side than in the spleen 
or lungs or tracheobronchial nodes. . . . During this same period the 
bacillary contents of the spleen and tracheobronchial are so nearly equal that 
animal inoculation of these tissues produces approximately the same effects. 
‘ During the period from four to twenty-six days after infection there 
are more bacilli in the tracheobronchial nodes than in both lungs, which they 
drain. Gross changes appeared as follows: The first definite lesion in the 
superficial inguinal nodes at six days and the first necrosis at twelve days; 
the first suggestions of lesion in the right iliac node at six days, and the first 
undoubted lesion at twelve days; the first enlargement of the paraortic nodes 
at twelve days; the first undoubted changes in the spleen at twelve days; 
the first unquestionable lesion of the tracheobronchial nodes at twenty-two 
days; the first involvement of the retrosternal nodes at eighteen days; during 
the twenty-six days of the first part of the experiment the lungs never ex- 
hibited lesion. 


The entire picture of guinea pig tuberculosis revealed to us by Krause, 
which has purposely been described in detail because of its value for 


elucidating this paper, depicts a certain fairly accurate but approximate 
quantitative involvement of this animal directly associated with the 
time element. So far as our own observations go, which have con- 
sidered mainly the advanced macroscopic findings, they are entirely 
in accord with the findings recorded by Krause. They might even 
be considered as an addition to his data in which the time element 
has been extended and graded doses of the same organism studied. 

From the excellent data given us by Krause it is conceivable that 
the infection and development of disease in the guinea pig proceeds 
in a definite and methodical fashion in the majority of the cases and 
that there are certain localities or organs where this is especially to’ 
be noted, such as the lymph nodes and the spleen, in so far as his studies 
were carried. In a tabulation of nine animals in which the tuberculosis 
had progressed markedly, there is also noted this approximate corre- 
lation between the spleen findings and the general condition of the 
animal. The macroscopic tuberculous involvement of guinea pigs 
has for some time been used as an approximate index of the effect of 
various procedures upon the tuberculosis in these animals by Corper 
and his collaborators, especially when using graded doses of bacilli and 
the close relationship noted between the splenic involvement and the 
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generalized tuberculosis, so that a general summing up of some of these 
findings seemed worthy of consideration. 

All of the guinea pigs recorded in these data were infected by inject- 
ing the tubercle bacilli into the subcutaneous tissues of the left groin. 
Virulent human tubercle bacilli were used, and the amount, of bacilli 
injected ranged usually from about 0.1 to0.000,000,1 mgm. The anim- 
als were usually examined from four to seven weeks after infection. 
The results of the examination of guinea pigs thus studied are given 
in table 1, in which is recorded the involvement of the various lymph 
nodes (left inguinals, left iliac, tracheobronchials) and organs (liver, 
lungs and spleen), besides the total involvement of 151 guinea pigs 
infected with doses of virulent human tubercle bacilli, ranging from 
0.1 to 0.000,000,1 mgm. and examined from four to seven weeks after 
infection. 

The tabulated data resulting from the macroscopic examination and 
approximate grading of the tuberculous involvement of the organs 
of guinea pigs, given in table 1, reveals a definite relationship between 
the dose of bacilli used for infecting and the sequence of the disease 
involvement, correlating Krause’s observations, in which the time 
element was found to be related to the macroscopic and microsco- 
pic involvement after ‘the subcutaneous administration of large 
doses of bacilli. Besides this, there is noted a definite relationship 
between the splenic and total tuberculous involvement of the guinea 
pigs. The slight deviations recorded in this table might easily be ac- 
counted for by the fact that these data were obtained by more or less 
empiric recording methods and not by means of detailed studies as 
in the case of Krause’s work. 

Since table 1 does not bring out certain detailed points regarding 
the relation between the splenic and total tuberculous involvement 
in guinea pigs, the records of 279 guinea pigs are given in table 2 in 
which the graded tuberculosis of the spleen is correlated with the graded 
total macroscopic tuberculosis in these animals, regardless of the dosage 
of bacilli or the treatment administered during the course of the infec- 
tion. In interpreting these results it must be remembered that a guinea 
pig may be given a total tuberculous rating of one plus while the spleen 
may be entirely negative, which is entirely consistent, when we consider 
that definite tuberculous changes may be found in the inguinal and 
iliac glands before the infection is macroscopically visible in the spleen. 
When, however, the spleen does show involvement the correlation 
seems to be fairly clear cut. 


TABLE 1 
The relation between the tuberculous involvement of the spleen and other organs of the guinea 
pig, following subcutaneous infection with different amounts of virulent 
human tubercle bacilli # 


OUNTS OF | NUMBER 
AM = GRADE OF 
BACILLI USED OF NVOLYS- 
FOR INFECTING | ANIMALS uent* Tracheo- : | 


IN MILLIGRAMS | STUDIED i 5 — 
ais 


Spleen 


15 
24 19 17 
17 
0 4 


# In table 1 no animals were recorded in which any factor such as treatment may have 
had an influence upon the infection. 

* For the sake of uniformity in recording, the grade of involvement of the organs is 
classified from—to ++++, which is only intended to be approximate. This grading is 
taken merely to conform with the markings in use in the Research Department, in which 
the general tuberculous involvement of the guinea pig is thus recorded in previous publica- 
tions. 

{ It is difficult to accurately grade the splenic tuberculous involvement, but for the sake 
of visual figurative approximation the gradings throughout this paper from -- to ++++. 
indicate the following findings: ; 

—, there is no tuberculosis macroscopically visible, nor is there any enlargement. 

+, tubercles are visible but there is no enlargement of the spleen. 

++, the spleen is enlarged 2 to 5 times and is tuberculous. 

+++, the spleen is enlarged 5 to 10 times approximately and is tuberculous. 

++++, the spleen is enlarged over 10 times approximately and is markedly tuberculous. 

t The total or general tuberculous condition of the guinea pig is graded from — to ++++ 
in conformity with the records in previous communications from this laboratory. 

—, no visible macroscopic tuberculosis. 

+-, distinctly enlarged local (left inguinal) and slightly enlarged iliac nodes. 

++, enlarged inguinal and iliac nodes and slight involvement of the spleen. 

+++, enlarged inguinal and iliac nodes, spleen markedly involved, tracheobronchial 
nodes enlarged and the lungs slightly involved. 

++++, massive involvement of all important nodes in path of infection, aS te lungs 


and liver. 
560 


- 0 0 0 6 7 0 0 
a 0 0 1 6 7 0 0 
0:3 15 ++ 1 4 6 3 1 0 0 
+++ 10 8 6 0 0 11 15 
++-+ + 4 0 0 4 0 
: _- 2 3 3 28 37 1 1 
+ 1 9 10 12 10 4 3 
0.001 49 ++ 15 13 27 4 2 10 18 
+++ 21 19 9 5 0 25 19 
+4+4++ 9 re 0 0 0 9 8 
_ 0 1 2 29 34 2 0 
+ 3 4 10 5 3 1 6 
0.000,01 37 ++ 15 10 20 3 0 14 21 
+++ 16 20 5 0 0 19 9 
+t+4+4++ 3 2 0 0 0 1 1 
_ 0 z 4 34 45 5 0 
+ 
0.000,000,1 50 +--+ 
+++ 
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A study and grading of the spleen and total involvement of 279 tuber- 
culous guinea pigs given in table 2 reveals that there is a fairly exact i 
correlation between the splenic involvement and the total involvement : 
of this animal with tuberculosis which is evident with the earliest : 
involvement of the spleen and thereafter. 


TABLE 2 
The spleen as an approximate index of the general tuberculous involvement of the guinea pig 
after infection with human bacilli x 


Pa : NUMBER OF GRADE OF GENERAL INVOLVEMENT t 
- 57 6 51 0 0 0 
> 26 0 24 | 2 0 0 
71 0 53 3 0 
bas 102 0 1 35 63 3 
ett 23 0 0 0 13 10 


# In table 2 are included the findings in pigs, both treated and untreated, since it has been 
noted that certain treatment may influence the general tuberculosis but this does not alter 
the relation between the total and tuberculous splenic involvement. 

* The grade of splenic involvement is indicated by — to +++-+ as follows: 

—, no macroscopic tuberculosis or enlargement. 

+, macroscopic tubercles but no enlargement. 

++, spleen enlarged 2 to 5 times and tuberculous. 

+++, spleen enlarged 5 to 10 times and tuberculous. 

++++, spleen enlarged over 10 times and markedly tuberculous. (See note f, 
table 1.) 

1 The grade of general tuberculous involvement from — to +-++-+ conforms with the 
total involvement recorded under note {, table 1. 


SUMMARY AND CONCLUSIONS 


The macroscopic tuberculous involvement of guinea pigs, infected 
subcutaneously in the groin with human bacilli, follows a definite organ 
sequence which is related to the time interval as was pointed out by 
Krause, and can be correlated fairly well with the dose of bacilli used ’ 
for infecting. 

In the course of the infection and when the spleen begins to show 
tuberculous changes, this organ can be used as a fairly approximate 
gauge of the general or total tuberculous involvement of the guinea 
pig, especially when studies are being made in which are included a 
reasonably large series of animals. 


We wish to acknowledge the kind aid in obtaining the data for this paper and valuable 
suggestions during its preparation contributed by Dr. H. J. Corper. 
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The resistance to tuberculosis which is evident at almost every 
postmortem performed on man has been variously explained as the 
result of a humoral antibody action, in the Ehrlich sense of the term, 
the entire gamut of antibodies having at some time or other come into 
consideration, or a specific cellular reaction or response in the phagocy- 
tic sense, as used by Metchnikoff; the lymphocyte, the polymorphonu- 
clear leucocyte, the connective tissue cell, the endothelial cell, and other 
less prominent cells at times occupying the foreground. That some of 
these factors no doubt play a significant part cannot be denied; but 
analysis of any individual factor leaves much to be desired in the way 
of explanation. The excellent recent researches of Foot (1), Permar 
(2), and Karsner and Swanbeck (3) on the vascular endothelial cell 
leave very little doubt but that this cell plays a definite part in the 
cellular combat against the tubercle bacillus; the exact proportionate 
relation of this cell in resistance to tuberculosis, however, still remains 
to be disclosed. That the allergic reaction is in some way associated 
with resistance to tuberculosis, as was indicated in Koch’s pioneer 
observations (4), seems to be borne out by the researches of Trudeau. 
(5), Krause (6), Soper (7), Rémer and Joseph (8) and others. 

That there might be a purely chemical factor active in the deter- 
mination of the individual resistance to tuberculosis seems to have been 
lost sight of, primarily because of the lack of any experimental evi- 
dence indicating this possibility. Upon entirely empiric clinical 
reasoning Weber (9) believed that he saw a relation between ‘carbon 
dioxide and resistance to tuberculosis. He reasoned that the tubercle 
bacillus invades the body of almost all of mankind, yet only about 
ten per cent of all deaths are due to this disease; individuals who 
eat insufficiently are disposed to tuberculosis (Brehmer) and treat- 
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ment benefits only in so far as it stimulates the appetite; carcinoma 
affects the strong, tuberculosis the weak; diabetics are highly sus- 
ceptible to tuberculosis because there is a diminished carbon dioxide 
production as a result of the lack of power to combust or utilize sugar; 
that phthisis becomes arrested or ameliorated during pregnancy, in 
spite of the fact that the reverse might be expected, is explicable on 
the basis of the increased carbon dioxide contributed to the mother 
by the fetus, a condition which is changed after delivery, when tuber- 
culosis again develops with renewed vigor; in cardiac conditions leading 
to venous stasis and accumulation of carbon dioxide there is a high 
so called ‘‘immunity” to tuberculosis, while children with pulmonary 
stenosis die early of this disease; the accumulation of carbon dioxide in 
the lungs in emphysema is the source of the high relative immunity of 
these cases to tuberculosis; hunchbacks with their contracted thoraces 
are spared from tuberculosis, because the lungs have not developed in 
relative proportion to the other organs and are called upon to dispose of 
a greater amount of carbon dioxide; primary tuberculosis of muscle is 
rare because of its high content of carbon dioxide; while the apex of the 
lung is more readily involved by tuberculosis because it has less carbon 
dioxide than the other parts; and finally the rest treatment of tuber- 
culosis is beneficial because the horizontal position causes a retention of 
more venous blood rich in carbon dioxide at the apex of the lung than 
in the erect posture, thus imitating the Bier stasis treatment. 

Weber began treating pulmonary tuberclosis in 1889 by giving 
sodium bicarbonate followed by hydrochloric acid by mouth, one-half 
hour before meals, in order to generate carbon dioxide in the stomach 
as a means of increasing the carbon dioxide content of the blood and 
tissues. Later, in 1901, realizing the impossibility of administering 
sufficient sodium bicarbonate and hydrochloric acid to produce an 
appreciable increase in carbon dioxide in the body, he sought other 
means to accomplish this end. Reasoning that a man of 150 pounds 
exhales about 500 litres of carbon dioxide daily and by comparison a 
fetus of about 3 pounds should produce about 10 litres, the addition of 
the latter amount, therefore, should be necessary to arrest the disease, 
if conclusions can be drawn from the arrest of tuberculosis in preg- 
nancy. The production of this amount would require at least 40 
grams of sodium bicarbonate and could not be given by stomach 
feasibly; therefore, a substance combustible to carbon dioxide in the 
body would be a desirable adjuvant. For this purpose he used levulose 
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feedings of 50 to 100 grams daily over a period of months and also 
gave subcutaneous injections of olive oil and vaseline or paraffine oil 
in the belief that the latter produced carbon dioxide in the body. As 
a matter of fact, paraffine oil canot give rise to carbon dioxide through 
the metabolic activity of the body. 

In 1902 he finally outlined his complete treatment. To the less 
severe cases of tuberculosis he gave sodium bicarbonate and hydrochloric 
acid by mouth, with feedings of levulose to reinforce the carbon dioxide 
production, and to the more severe cases he combined the foregoing with 
subcutaneous injections of liquid paraffine in 10 gram amounts twice 
daily, reaching in some cases as high as 200 injections. 

That carbon dioxide may have an influence upon the growth of the 
tubercle bacillus was indicated by the studies of Wherry and Ervin 
in 1918 (10). In studying the effect of gaseous environments upon the 
growth of bacteria, they found that complete removal of carbon dioxide 
prevented the growth of tubercle bacilli even in the presence of all the 
other gaseous constituents of the air. The bacilli remained in a non- 
reproductive state but viable, as shown by guinea pig inoculation two 
weeks later. They found also that, when oxygen and carbon dioxide 
reach an optimal point, growth starts. Under atmospheric carbon 
dioxide (7 mm.) pressure, there was growth; but at higher pressures 
(77 mm.) there was no growth of the tubercle bacillus. They called 
attention to the fact that in a closed system not only does carbon dioxide 
accumulate but the oxygen supply diminishes. Their experiments, 
although significant in indicating that carbon dioxide would inhibit 
the growth of tubercle bacilli, were not elaborate enough to give any 
idea as to the approximate concentrations or conditions under which 
this occurred. 

Experiments recently performed with the gonococcus by Rockwell 
and McKann (11) indicate that bacteria manifest evidences of respira- 
tion before evidences of their growth appear and that growth is not 
visible until considerable changes in the gaseous environment (in 
sealed tubes) have occurred. The gaseous constituents changed from 
carbon dioxide 0.5 per cent, and oxygen 19 per cent, to carbon dioxide 
6 per cent, and oxygen 2.5 per cent. In pure hydrogen 3 per cent 
carbon dioxide concentration was attained. Moisture plays some rdle, 
but is of far less importance than the gases. 

The carbon dioxide tension of the tissues may be approximated 
from the studies made by Haggard and Henderson (12), who investi- 
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gated the gas tensions of the abdominal cavity, alveolar air and blood. 
They state that the carbon dioxide tension of the abdominal air (nor- 
mally approximating a tension of 35 to 42 mm. mercury) soon becomes 
equivalent to that of the pulmonary alveolar air and of the arterial 
blood, and that under abnormal conditions (experimental acidosis) 
the carbon dioxide tension in the abdominal air falls in close corres- 
pondence to the arterial carbon dioxide tension (as low as 16 to 23 mm. 
mercury). In man gaseous studies have been made in cases of tuber- 
culosis with pneumothorax, to gain information on the proper gas 
mixture to be used in artificial pneumothorax treatment. Fortunately 
the data have been often obtained and well worked up, so that their 
accuracy is undoubted. Webb, Gilbert, James and Havens (13), 
in a study of a large number of cases, found that after a short interval 
of time, regardless of whether nitrogen, oxygen or atmospheric air 
was injected into the pleural cavity, the composition of the gas rapidly 
approached that of alveolar air. The carbon dioxide content of the 
pleural gases varied from about 5 to about 10 per cent. Tobiesen (14) 
found that an exudative pleuritis caused an increased carbon dioxide 
(to about 10 per cent) content of the pleural gases as compared to a 
nonexudative type (about 6 per cent). The carbon dioxide content of 
the pleural gases increases postmortemin man. Tachau and Thilenius 
(15), using more exact methods of gas analysis, corroborated the above 
findings. In pneumothorax cases without an exudate, the carbon 
dioxide content of the pleural gases ranged from about 6.5 per cent to 
8.5 per cent and the oxygen content varied from 1.9 to 6.2 per cent, 
while cases with an exudate contained from 10.5 to 12.7 per cent carbon 
dioxide and an oxygen content of less than 1 per cent. 

It is known that certain chemical substances easily enter the cells 
and tissues, while others are found only in the surrounding fluids of the 
body. The high potassium content of the cell, as compared to the high 
sodium content of the fluids of the body, is a classical example of this. 
Fortunately the recent observations of Jacobs (16) help to elucidate the 
mechanism of this action. He found that carbon dioxide is incom- 
parably more toxic for toad tadpoles than are solutions of hydrochloric, 
oxalic, salicylic, formic, acetic or butyric acids of the same hydrogen 
ion concentration and, in the presence of sufficient bicarbonate to give 
practically a neutral reaction to the solution, the toxic properties of 
CO, for tadpoles are unchanged. Jacobs interpreted these results as 
being due to the fact that the H:COs, whose dissociation is held in check 
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by the bicarbonate, can freely enter cells (perhaps as CO2), while the 
bicarbonate cannot; the carbonic acid dissociating when within the 
cells to the extent permitted by the new conditions of equilibrium pre- 
vailing there, which may easily result in a hydrogen ion concentration 
higher than that of the surrounding medium. This conception is fortified 
by his observations with the flowers of Symphytum peregrinum. 
These contain a natural indicator sensitive to carbonic acid. An 
“artificial cell” was prepared by him for illustration. With it he pro- 
duced a condition of intracellular acidity with a slightly alkaline solution 
of CO. in M/2 NaHCO,, almost as effectively as with a solution of CO, in 
distilled water, though the hydrogen ion concentration of the latter 
solution is approximately four thousand times as great as that of the 
former. He believed that the ability of neutral and slightly alkaline 
solutions containing CO, to produce intracellular acidity is probably due 
to at least two factors, namely, the weakness of H.CO; as an acid and 
the lipoid solubility of CO. or H:CO; or both, and the lack of such 
solubility in the case of bicarbonates. 

The investigations of the effect of carbon dioxide upon the tuber- 
cle bacillus reported in this communication were begun as a part of a 
study of the effect of various gases and pressures upon the growth of the 
tubercle bacillus. The results with carbon dioxide proved so interest- 
ing and valuable, however, that the studies were elaborated and applied 
to animals. Our greatest difficulty was to develop a method suitable 
for the determination of carbon dioxide in small amounts of gas—not 
too delicate to be impracticable and still of sufficient accuracy to be 
well adapted for the determinations at hand. The usual methods of 
analysis for carbon dioxide require comparatively large volumes of the 
gas and rather bulky and burdensome apparatus. The Hempel apparatus 
used by Tachau and Thilenius requires about 20 or more cc. and the: 
Haldane apparatus, used by Webb and his colleagues, about 30 or 
more cc. for each analysis. These methods accomplish the analysis 
of carbon dioxide by removing it by absorption, measuring the decrease 
in volume of the original gas and then calculating the percentage volume 
or partial pressure of the carbon dioxide. Direct gravimetric methods 
have not been placed on an easily working basis presumably for .two 
reasons: first, the great possibility of error from air contamination 
and consequent alteration, which requires that the analyses be performed 
in a closed system; and second, the difficulty of measuring small amounts 
of carbon dioxide by any gravimetric system. Tashiro (17) has per- 
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fected the biometer, by means of which he is able to measure carbon 
dioxide in almost incredibly small amounts. The principle of his 
method is to note with a lens the precipitation of barium carbonate 
on the surface of a drop of barium hydroxide, in a suitably closed 
vessel (the biometer), which is filled with a carbon dioxide-free gas. 

It was soon recognized that the needs in the work to be reported lay 
between the above two extremes. It was necessary to analyse gases 
containing from 1 to 10 per cent carbon dioxide in an available few 
cubic centimetres of gas mixture sample. 

In preliminary experiments it soon became evident that the barium 
carbonate precipitate from a barium hydroxide solution possessed 
possibilities for a system of analysis, provided these small amounts 
could be utilized for a quantitative method. An attempt to deter- 
mine nephelometrically the turbidity occasioned by the precipitated 
carbonate revealed a multiplicity of difficulties, some of which could 
not be overcome. The greatest difficulty was met when two suspen- 
sions of equal amounts of carbonate were prepared and were found to 
reflect light at different rates and thus give entirely different quantita- 
tive values for the same amount of CO:. It was, therefore, finally 


decided to measure the precipitated barium carbonate volumetrically. 


METHOD 


In order to prepare suitable standards of known carbon dioxide content in both gaseous 
and liquid form it was essential to use reagents of definite strength, capable of delivering 
known volumes of carbon dioxide in gaseous form or containing a known amount of carbon 
dioxide in water soluble carbonate form. For this purpose a solution of sodium carbonate 
(or bicarbonate) was used and the calculations were made as follows: 

Molecular weight of Naz CO; = 106 

Molecular weight of CO, = 44 

106:44::1:2 

x = 0.41509 gram COs, obtained from 1 gram anhydrous Naz CO; at 0°, 760 mm. B.P. 

The weight of 1 cc. of carbon dioxide at 0° 760 mm. B.P. as given by Fresenius (18) is 
0.001965 gram, therefore: 

0.41509 
0.001965 

The amount of sodium carbonate required to produce 1 cubic centimetre of carbon diox- 

ide is 


= 211.241 cc. COs, obtained from 1 gram anhydrous Naz CO; at 0° 760 mm. B. P. 


211.241 0.00473 grams Naz COs, necessary to produce 1 cc. CO, at 0° 760 mm. B.P. 


These figures have.to be corrected to values for the temperature, barometric pressure and 
vapor tension in which the experiments are being performed. The average barometer 
pressure of our laboratory is 630 mm. and the average temperature is 20°C. Dennis (19) 
gives the following formula for the correction of volumes of gases: 
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(1 + 0.00367 


in which 7 is the observed volume, /; the observed pressure, ¢; the observed temperature and 
m the tension of aqueous vapor. Our problem, however, is to compute 7 at the desired 
t, and p; from the known 7, fo and 760; so adapting the formula, it becomes 


760 (1 + 0.00367 ty) 
Pi —m 


= Vo 


When the volume of a gas changes it is evident that the weight of the gas is inversely pro- 
portional to the volume ene. That is, if 1 cc. (Vi) becomes 2 cc. (V2) and ¢ and m remain 
constant, then 1 cc. of V2 weighs only one-half of one cc. of Vi which may be expressed as 
follows: 


Vo: Vi :: Wi : Wo, or 
WV. 


1 


The volume of V; has just been adapted from Dennis; therefore, to obtain the weight. 
of Vi we combine the two formulae and obtain 


WwW o 
(1 + 0.00367 #,) 


™m 


Wi= 


Vo 760 


from which we may compute the weight of 1 cc. of gas for any desired pressure and tem- 
perature if we know the weight at 0°, 760 mm. B.P. To compute the weight of 1 cc. of 
CO, at 630 mm. and 20°C. we substitute the known values for Wo, which is 1.96507 mgm. 
Vo = 1, ¢ = 20, » = 630, m = 17.396 and obtain: 


1.96507 X 1 
1 + (0.00367 X 20) 
630 — 17.396 


Wi= 


1 X 760 X 


Wi = 1.4973 mgm. = weight of 1 cc. CO, at 20°, 630 mm. B.P. 

To determine the number of cc. of.CO, at 20°, 630 mm. B.P., available from 1 gram } Nas 
COs: 

0.0014973 gram = weight of 1 cc. CO, at 20°, 630 mm. 

0.41509 gram CO; is obtained from 1 gram Naz CO; at 0° 760 mm. 

Therefore, 

0.41509 

0.0014973 

To determine the amount by weight of anhydrous Naz CO; required to produce 1 cc. CO» 
at 20°, 630 mm., we consider that 1 gram Naz CO; at 20°, 630 mm., forms 277.225 cc. CO:; 
therefore, 

1 


277.225 


= 277.225 cc. COs is obtained from 1 gram Naz CO; at 20° 630 mm. B.P. 


= 0.003607 gram Naz COs, is necessary to produce 1 cc. CO, at 20°, 630 mm. B.P. 
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This last figure 0.003607 gram Naz CO;, or 3.61 mgm., is the solution equivalent of 1 cc. 
of CO,. A stock standard solution is then prepared by dissolving 361 mgm. of anhydrous 
sodium carbonate, c.p., in 100 cc. distilled water. If 1 cc. of the stock solution is then diluted 
to 100 cc., 1 cc. is equivalent in carbon dioxide to 1 cc. of a 1 per cent CO: air mixture. If 
2 cc. of the stock solution are used, then 1 cc. becomes equivalent to 1 cc. of a 2 per cent CO, 
gas mixture, etc. 

It was observed that the precipitate of barium carbonate produced by the equivalent 
of 1 cc. of a 1 per cent CO, gas mixture could be collected and measured with reasonable ac- 
curacy in a Hopkins centrifuge tube (20) and occupied 0.002 cm. The technique used is as 
follows: Clean the Hopkins centrifuge tube thoroughly, add 1 cc. of the desired solution 
with a volumetric pipette, add 5 cc. of clear saturated barium hydroxide solution, kept under 
pure paraffine oil to avoid air and CO, contact. Quickly superimpose 1 cc. of CO, free 
paraffine oil and centrifugate five minutes at about 2000 r.p.m. It is frequently necessary to 
stir the sediment gently with a fine wire and centrifugate a second time to insure a uniform 
and even packing of the precipitate. In this way it was found that 1 cc. solution, equivalent 
to 1 cc; of a 1 per cent CO, gas mixture, gave a precipitate of barium carbonate occupying 
0.002 cc.; and 1 cc. solution, equivalent to 1 cc. of a 2 per cent CO, gas mixture, a precipitate 
occupying 0.004 cc., etc., as recorded in table 1 (see figure 1). 

Having determined the volume occupied by the precipitate of barium carbonate obtained 
from the solution equivalent of the sodium carbonate, volumetric gas mixtures of carbon 
dioxide were prepared and 1 cc. of the gas mixture was placed in a closed system, to which 
was added 5 cc. of clear barium hydroxide, avoiding air contact. After being thoroughly 
mixed in the closed system, the barium hydroxide solution and its contained precipitate of 
carbonate were carefully run into a Hopkins centrifuge tube, quickly superimposed with 1 cc. 
paraffine oil and centrifugated. The pure carbon dioxide was generated by adding a dilute 
mineral acid to a concentrated solution of sodium carbonate. This pure CO: was permitted 
to enter a completely water filled graduated reservoir, from which it could be obtained in 
definite amounts as needed. A known CO, gas mixture was then prepared as follows: 
The graduated vessel containing the pure CO, was connected with glass tubing to a one 
litre volumetric flask, the glass tubing extending to the bottom of the flask. Ten cc. of 
mercury were permitted to run into the pure CO, chamber. The mercury displaced 10 cc. 
of CO, and forced it over to the bottom of the mixing flask. The COs, being a heavy gas, 
remained for a short interval at the bottom of the flask, permitting the displacement of 
an equal volume of air at the top. The flask was closed the instant the CO: completely en- 
tered. In this way a fairly accurate one per cent CO, gas mixture in air was prepared. 
Similarly, a 2 per cent, 3 per cent, etc., mixture may be prepared. 

The next step in the analysis consisted in mixing the measured gas, containing carbon 
dioxide, with barium hydroxide to precipitate the carbonate. For this purpose the Van 
Slyke apparatus (21) for studying the alkali reserve of the blood was found most suitable. 
This apparatus combines several advantages. It is a mercury pump suitable for drawing 
the gas into a closed system without loss; it is suitably calibrated; it permits the subsequent 
addition of solutions without loss of any of the contained gas; and the mixing of the gas and 
aqueous barium hydroxide solution by simply raising and lowering the mercury leveling 
bulb. In order to transfer the gas mixture to the Van Slyke apparatus, use was made of 
the plan given in the diagram shown in figure 2. This depicts capillary glass and rubber 
tubing completely filled with mercury, to avoid loss of carbon dioxide or change in composi- 
tion of the gas to be analyzed. The details here are omitted because of the obvious sim- 
plicity of the apparatus. 
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TABLE 1 


Volumetric determinations of the precipitate of barium carbonate corresponding to gas volumes 
obtained from the solution equivalent of carbon dioxide : 


STOCK Na2COs SOLUTION: DILUTED TO EQUIVALENT TO GAS VOLUME OF BasCOs3 
(3.61 MGM. PER CC.) MIXTURE PRECIPITATE 


cc. cl. 


100 1cc. 1% COz 0.002 
100 29% COs 0.004 
100 1cc. 3% 0.006 
100 1cc. 4% CO, 0.008 
100 1cc. 5% CO; 0.010 
100 1cc. 6% COz 0.012 
100 1cc. 7% CO: 0.014 
100 1cc. 8% 0.016 
100 1ccs 9% CO, 0.018 
100 1 cc. 10% COz 0.020 


SCOONA WH 


1 2 3 4 


Fic. 1. SHowrnc Hopkins TuBES WITH CENTRIFUGATED SEDIMENTS OF BARIUM CAR- 
BONATE, PREPARED FROM THE SOLUTION EQUIVALENTS OF SODIUM CARBONATE 


Reading from left to right tube 1 contains only the hydroxide, without carbonate and 
precipitate. The readings of tubes 2 to 6 are as follows: 


Contains solution Volume of Z 
Na2COz3 equivalent to BazCOs precipitate 


1 per cent CO, 0.002 
2 per cent CO, 0.004 
3 per cent CO, 0.006 
4 per cent CO, 0.008 
5 per cent CO, 0.010 
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An analysis is performed as follows: The pressure tubing connecting the Van Slyke 
apparatus and the container of the gas mixture is clamped close to the gas reservoir. A 
certain amount of room air is present in the tubing attached to capillary tube, a. Thisair 
is first removed by drawing it into the main chamber of the Van Slyke apparatus by lowering 
the leveling bulb, then expelling the gas through cup b. This is repeated until a metallic 
click is heard when the mercury is permitted to return, indicating a total absence of air. 


a 


Fic. 2. DIAGRAMMATIC DRAWING OF APPARATUS USED FOR COLLECTING, STORING AND 
ANALYZING GAS FROM CULTURE TUBES 


A. A culture tube, originally sealed, but now broken under mercury. It is held in place 
byaclamp. B. Capillary tube, filled with mercury, inserted into the open end of the culture 
tube and connected with the capillary tube of the Van Slyke apparatus. C. Van Slyke 
apparatus. D. Mercury leveling bulb. E. Gas reservoir. Tube 1 and pressure tubing 
leading from it are completely filled with mercury, and the tubing is clamped at its distal end. 
When the reservoir is attached to the Van Slyke apparatus, the clamp is opened, the gas 
is forced over by raising the leveling bulb and the displaced mercury is forced into tube 2. 


The screw clamp on the pressure tubing is then removed and exactly 1 cc. of gas is drawn 
into the apparatus, as determined when the mercury in the apparatus and in the leveling 
bulb are level. Six cubic centimetres of clear barium hydroxide are placed in cup }, and 
about 5 cc. of this are run into the main mixing chamber in such a way that the gas in it is 
completely retained. This is accomplished by connecting stop cock e with cup 6 and grad- 
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ually lowering the leveling bulb until about 1 cc. remains in b, when stop cock e is turned 
off. The mercury leveling bulb is placed in a position slightly lower than the mercury level 
in the mixing chamber, while the next step is being performed. The barium hydroxide re- 
maining in cup 6 is quickly removed, and the cup is twice washed with distilled water; then 
1 cc. of COsz free distilled water is placed init. The gas and barium hydroxide are then mixed 
by raising and lowering the mercury leveling bulb gently. The pressure tubing is removed 
from capillary tube a, and the barium hydroxide and carbonate expelled through this into 
a Hopkins centrifuge tube. A small amount, of course, remains in the capillary tube. To 
wash this out, draw into the main chamber the water placed in cup 6, subsequently adding 
it to the contents of the Hopkins centrifuge tube; then quickly superimpose 1 cc. of paraffine 
oil and centrifugate at a uniform rate of speed. In this way known CO: gas mixtures were 
prepared and analyzed; and the resulting precipitates measured volumetrically with the 
results given in table 2. (See figures 3 to 8.) 


TABLE 2. 


Volumetric examination of the precipitate of barium carbonate obtained from carbon dioxide in 
certain percentage air mixtures 


PURE COz DILUTED TO CO2 AIR MIXTURE IN AMOUNT OF GAS USED FOR VOLUME OF Ba2zCO3 
1 LITRE WITH AIR PERCENTAGE EXAMINATIONS PRECIPITATE 


cl. 


0 

0.002 
0.004 
0.006 
0.008 
0.010 
0.012 
0.014 
0.016 
0.018 
0.020 


per cent 


Atmosphere 


UP WH 


100 


Each gas mixture was tested at least five times and the results were found to be entirely 
uniform. The analytical studies for carbon dioxide consisted mainly in determining the 
carbon dioxide content of the gases in culture tubes. The tubes studied were either merely 
cotton paraffine stoppered, rubber stoppered or glass sealed. To obtain the gas from the cot- 
ton and rubber stoppered tubes a hypodermic needle was attached to pressure tubing, the 
tubing was clamped just as close to the needle as possible, the needle was inserted through the 
stopper and the tubing attached to capillary tube a of the Van Slyke apparatus. As a rule 
the air in the tubing is removed as previously described; then the clamp is opened and the 
. gas drawn into the main chamber. It may then be transferred to a mercury filled reservoir 
to be utilized as needed. The glass sealed tubes required a slightly different technique to 
obtain the gas. One end of the tube was scratched with a file and broken under mercury 
in a suitable dish. The other end was kept in a vertical position by a clamp. A mercury 
filled capillary tube which had been attached to the Van Slyke apparatus was inserted under 
the open end and the gas withdrawn into the gas free Van Slyke apparatus (see figure 2). 
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Fic. 7 Fic. 8 


Fic. 3. No APPRECIABLE PRECIPITATE IN HOPKINS TUBES AFTER 3 ANALYSES OF 1 CC. 
EacH OF ATMOSPHERIC AIR 


Fic. 4. CENTRIFUGATED SEDIMENTS OF BARIUM CARBONATE IN HOPKINS TUBES 


Three analyses of 1 cc. each of a'1 per cent.CO: gas mixture. The precipitate occupies 
0.002 cc. each. 


Fic. 5. CENTRIFUGATED SEDIMENTS OF BARIUM CARBONATE IN HopkKINS TUBES 


Three analyses of 1 cc. each of a 2 per cent CO: gas mixture. The precipitate occupies 
0.004 cc. 


Fic. 6. CENTRIFUGATED SEDIMENTS OF BARIUM CARBONATE IN Hopkins TUBES 


Three analyses of 1 cc. each of a 3 per cent CO, gas mixture. The precipitate occupies 
0.006 cc. 


Fic. 7. CENTRIFUGATED SEDIMENTS OF BARIUM CARBONATE IN HopkKINs TUBES 


Three analyses of 1 cc. each of a 4 per cent CO: gas mixture. The precipitate occupies 
0.008 cc. 


Fic. 8. CENTRIFUGATED SEDIMENTS OF BARIUM CARBONATE IN HopxKINs TUBES 


Three analyses of 1 cc. each of a 5 per cent CO, gas mixture. The precipitate occupies 
0.01 cc. 
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THE EFFECT OF CARBON DIOXIDE UPON THE GROWTH AND VIABILITY 
OF TUBERCLE BACILLI IN CULTURE TUBES 


For determining the effect of carbon dioxide upon the growth of 
the tubercle bacillus a special culture tube was devised (see figure 9), 
in which a reasonably accurate concentration of carbon dioxide could 
be generated, as was revealed by numerous preliminary tests and analyses. 
The essential parts of this culture tube was a 6 X 1 inch heavy-walled 


Fic. 9. D1IaAGRAMMATIC DRAWING OF APPARATUS USED FOR GROWING BACTERIA IN 
KNOWN VOLUMES OF CARBON DIOXIDE 


1. Syringe for placing reagent in generating chamber. 2. Rubber stopper. 3. Needle 
for escape of displaced air. 4. Rubber stopper. 5. Small opening in generating tube for 
diffusion of gases. 6. Small test tube in generating chamber. 7. Sterile cotton plug. 
8. Air space of large test tube. The space occupied by the cotton plug plus the air space in 
the generating chamber totals approximately 50 cc. . 9. Ten cc. of culture medium. 
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bacteriological test tube, in which was a uniform slant (10 cc.) of culture 
medium, with a sterile cotton plug protecting it against contamination. 
In the mouth of this tube was a one-hole rubber stopper (no. 5), into which 
was inserted the generator tube, which was a small 4 X 1/2 inch heavy 
walled bacteriological test tube, rubber stoppered and with a small 
hole about 1 mm. in size blown into the side just below the point of 
insertion into the large one-hole rubber stopper. The purpose of the hole 
was to allow easy transfer of the gas from the small generator tube 
into the large. reservoir of the culture tube. With a known air space 
in the large tube above the culture medium enough sodium carbonate 
could be placed in the generator tube, to which was added an excess of 
a mineral (dilute sulphuric) acid to generate any amount of carbon 
dioxide, after the medium had been seeded with tubercle bacilli, to 
give the desired concentration of this gas in air. 


The procedure was carried out as follows: After planting tubercle bacilli on the glycerine 
agar the sterile cotton plug was inserted to a level below that reached by the generator tube. 
Into the generator tube was placed an amount of sodium carbonate sufficient to give the 
desired concentration of carbon dioxide in the volume of gas of the culture tube. The 
one-hole rubber stopper, containing the generator tube stoppered with a solid rubber stopper, 
was then carefully inserted into the large culture tube, care being taken to have no leakage 
around the rubber stoppers. An excess of dilute sulphuric acid was then drawn into a 
syringe and injected through the rubber stopper of the generator tube into the sodium car- 
bonate. To allow an escape of the contained excess of air, a small hypodermic needle was ~ 
inserted through the large one-hole rubber stopper into the culture tube and was retained 
there until air equilibrium had been established and the generation of carbon dioxide had 
ceased. The carbon dioxide being a heavy gas remained in the generator tube, or dropped 
to the bottom of the large culture tube for a sufficient period to prevent any loss of this gas: 
it would then slowly diffuse throughout the culture chamber after the gas escape needle 
had been withdrawn. After removal of both needles the gases were held in a practically 
sealed chamber. In the series in which a complete absence of carbon dioxide was desired, 
1 cc. of a strong sodium hydroxide solution was placed in the generator chamber to absorb 
the carbon dioxide as it was formed. 

In the series in which atmospheric air was used the tubes were merely stoppered with cot- 
ton plugs which had been slightly paraffined and were further covered with paraffine cloth 
after inoculation. In the series in which pure carbon dioxide was used a continuous stream 
of pure carbon dioxide, prepared from chemically pure sodium carbonate and dilute sulphuric 
acid, was passed through the rubber stoppered culture tubes, the gas entering by one hypo- 
dermic needle and the air passing out of the other until it was reasonably assured that all 
of the air had been displaced by carbon dioxide, when both hypodermic needles were with- 
drawn. In this entire cultural study a few factors had to be left to take care of themselves, 
such as the solubility of carbon dioxide in the culture medium, a slight escape of carbon 
dioxide through the needle used for adjusting the gas to atmospheric pressure and a slow 
solubility of carbon dioxide in rubber to which Haldane (22) has called attention and which 
was of some consequence in some of the other experiments to be given in this paper. These 
factors, however, proved of no importance in this part of the study except in the cases where 
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the carbon dioxide content was over 15 per cent. Here perceptible loss was noted, 
especially as revealed by the gas analyses at the end of theexperiment. Since, however, 
the significant findings occurred in concentrations below 15 per cent, these findings proved 
negligible. 

In each gas series, four different strains of tubercle bacilli were 
studied, an old laboratory culture of a virulent human, a freshly isolated 
highly virulent human (Blum), an old laboratory culture of avirulent 
bovine (Bovine D), and a recently isolated culture of. virulent bovine 
bacilli; and of each strain three tubes of 5 per cent glycerine agar were 
inoculated, except in the case of the virulent human strain (Blum), of 
which six tubes were inoculated, on account of its poorer growth upon 
artificial media (glycerine agar). Observations of the growth were 
made at weekly intervals for one month at 37.5°C., after which the 
gas contained in two-thirds of the tubes was analyzed for carbon dioxide 
and the stoppers removed to allow easy access of atmospheric air, and 
observations continued for another month at incubator temperature to 
note whether carbon dioxide had merely had an inhibitory action upon 
the cultures or had actually been tuberculocidal. The results of these 
cultural studies and analyses are given in table 3. 

An examination of table 3 reveals that the four strains of human and 
bovine tubercle bacilli will not grow in the complete absence of carbon 
- dioxide and that, compared with their growth in air upon glycerine agar, 
air containing as low as 3 per cent carbon dioxide definitely inhibits 
their growth, although their viability is not appreciably affected by an 
exposure to this concentration of carbon dioxide in air for a period of a 
month. Exposure for a month to the higher concentrations of carbon 
dioxide, 12 per cent or more, may be said to be definitely tuberculocidal, 
however. 

During the course of the animal experiments in which sealed and 
rubber stoppered tubes, small and large, containing recently inoculated 
cultures of tubercle bacilli upon glycerine agar were used, it was found 
that no growth even with a good growing laboratory strain of bacilli 
and a possible sufficiency of air could be obtained. This upon first 
consideration seemed rather peculiar, but repeated corroborating findings 
led to the following culture tube incubator experiment in an effort to 
solve or explain this fact. A large number of 8 X 1 inch heavy-walled 
bacteriological test tubes, containing about 15 cc. of 5 per cent glycerine 
agar, was divided into the following series, some seeded with tubercle 
bacilli, an actively growing young strain of human bacilli, and some 
being kept unseeded as control tubes. 
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Series 1. Four tubes of 5 per cent glycerine agar were sealed in the 
blast flame after having attained incubator temperature. The pur- 
pose of sealing the tubes only after they had attained incubator tempera- 
ture was to avoid the introducton of a possible pressure factor during 
the period of incubation, it having been observed previously in pre- 
liminary tests that tubes containing bacilli and sealed at room tempera- 
ture would not grow. 

Series 2. Four tubes of 5 per cent glycerine agar were brought 
to incubator temperature and then were securely stoppered with a 
rubber stopper. 

Series 3. Four tubes of 5 per cent glycerine agar were inoculated 
with a strain of human tubercle bacilli, capable of good growth, con- 
stricted in the blast flame, were stoppered with a paraffine cotton stopper 
and covered with a piece of paraffine cloth held in place by a small 
rubber band. 

Series 4. Four tubes of 5 per cent glycerine agar were inoculated 
with the same strain of human tubercle bacilli as Series 3, were brought 
to incubator temperature (by residence in the incubator for a few hours), 
and were then glass-sealed in the blast flame with all precautions to 
avoid in any way injuring the bacilli or medium. The primary con- 
stricting of the tubes was carried out before the warming of the tubes 
to incubator temperature (this procedure was performed: on all the 
tubes of series 3,4, and 5) and only a small amount of heat was thus 
necessary to do the final sealing of this series of tubes. 

Series 5. Four tubes of plain glycerine agar were inoculated with 
the same strain of human tubercle bacilli as Series 3, the tube was con- 
stricted in its upper portionin the blast flame, brought to incubator 
temperature, and was then securely sealed with a rubber stopper. 

Thus the manipulations in this experiment were practically indentical 
in all the series, except that some cultures had had free access of atmos- 
pheric air and some were sealed by rubber or glass, while some tubes 
were inoculated and others were not. 

All the tubes were then placed at incubator temperature for six weeks, 
after which time the cultural and carbon dioxide findings recorded in 
table 4 and illustrated in figures 10 to 15 were obtained. It is evident 
from this experiment that the carbon dioxide given off by the tubercle 
bacillus itself-in sealed tubes can attain a concentration sufficient to 
inhibit even the initial macroscopic growth of the microérganism. 
There also seems to bea definite concentration of carbon dioxide which 
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Fics. 10 to 15. GRowtTH OF HuMAN TUBERCLE BACILLI ON GLYCERINE AGAR IN TUBES 
OPEN TO ATMOSPHERIC AIR AND SEALED 


Fics. 10 AND 11. Atmospheric air series. Growth in four tubes containing glycerine 
agar, drawn out in the blast flame after inoculation, stoppered with paraffined cotton 
and covered with paraffined cloth, after six weeks at 37.5°C. 

Fics. 12 anp 13. Sealed with rubber stoppers. Four tubes, containing glycerine agar, 
drawn out in the blast flame after inoculation, closed with rubber stoppers after reaching 
37.5°C., and incubated at this temperature for six weeks. Analyses for carbon dioxide at the 
end of this time revealed the presence of about 5 to 6 per cent by volume. Tubes II and V 
show growth. 

Fics. 14 anp 15. Glass sealed tubes. Four tubes, containing glycerine agar, sealed in 
the blast flame after inoculation and reaching 37.5°C., and incubated at 37.5°C. for six weeks. 
Analyses revealed about 5 to 6 per cent carbon dioxide by volume. There is an entire absence 
of growth in all four tubes, which were heavily seeded to ensure ample opportunity for growth 
and show only the original clumps of bacilli. 
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can be attained in the sealed tubes and which lies at about the 5 per 
cent volume concentration, at which all metabolic activity of the tubercle 
bacillus ceases. If the tubes are sealed by a substance slowly absorb- 
ing carbon dioxide, as was pointed out to be the case with rubber by 
Haldane, the culture can attain a considerable visible growth before the 
concentration of carbon dioxide becomes sufficiently high to stop the 
growth (see figures 10 to 15). 


THE EFFECT OF THE BODY GASES UPON THE GROWTH OF THE TUBERCLE 
BACILLUS 


In order to study the influence of the gases of the body upon tubercle 
bacilli under control the following experiments were performed: 

Since the gases of the body contain about 6 per cent carbon dioxide, 
it was reasoned from the in vitro experiments with carbon dioxide that 
culture tubes appropriately prepared to allow easy access of these gases 
should show a definite inhibition of the growth of the tubercle bacilli. 

In the early part of the animal experiments, tubes of glycerine agar 
seeded with tubercle bacilli were placed in the peritoneal cavity, part 
of them glass-sealed for controls and part of them stoppered with 
sterile glass wool, to keep the body fluids out, and with a two-hole 
rubber stopper to aid in preventing an influx of these fluids. It was 
soon learned, however, that growth did not occur in either the sealed or 
the open tubes. In other words, the glass-sealed tube did not prove to 
be a control as was hoped. It was, therefore, necessary, first, to devise 
a method for growing the tubercle bacillus in the animal body which 
could serve as control. 

After a great many trials the best success was obtained with a large 
6 X 1 inch heavy-walled bacteriological test tube, which contained a 
slant of 5 per cent glycerine agar, seeded with a young actively growing 
strain of human tubercle bacilli. This tube was constricted in the 
blast flame about three inches above the agar slant, to a diameter of 
about ¢ to 2 of an inch and with the open end flared out. The 
constricted top of the tube was stoppered with sterile cotton and into 
this was dropped sterile melted paraffine, not to saturation, however. 
The top of the tube was then sterilized by gently heating in the flame, 
while the bottom of the tube containing the culture medium and 
bacilli was sterilized by immersion for five minutes in 90 per cent 
phenol in 95 per cent alcohol, the phenol being subsequently removed 
by rinsing in sterile 95 per cent alcohol, the excess of alcohol drained 
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off, and the remainder quickly burned off without, however, permitting 
the contents of the tube to become more than slightly warm. The 
tube, thus sterilized, was placed in a sterile light-proof container 
and kept (not more than a few days) until it was inserted into the 
subcutaneous tissues of the back of the dog. An incision about one 
to two inches was made into the skin, slightly to the right or left of the 
midline of the back. By blunt dissection a pocket was made subcu- 


TABLE 4 


The growth of human tubercle bacilli in tubes sealed and closed with paraffine cotton stoppers 


CULTURAL 
RESULT SIx| CARBON DIOXIDE CONTENT IN PER CENT BY VOLUME 
sa WEEKS AFTER 6 WEEKS AT 37.5°C. 
METHOD OF SEALING TUBE we onto AFTER 
BEGINNING 
EXPERI 
MENT 


Inoculated tubes Uninoculated controls 


( ++-+* Atmospheric air Atmospheric air 
+++ Atmospheric air Atmospheric air 
+++ Atmospheric air Atmospheric air 
mae Atmospheric air Atmospheric air 


Paraffine cotton stoppered 


me Atmospheric air Atmospheric air 
Closed with rubber stopper ++ 24 Atmospheric air 


at incubator temperature : Atmospheric air 
[ Atmospheric air 


Atmospheric air 
Glass sealed at incubator! : Atmospheric air 


temperature : ; Atmospheric air 
Atmospheric air 


Note: All the tubes were heavily seeded with human tubercle bacilli from a young actively 
growing laboratory culture about six weeks old. 

* The amount of growth obtained at the end of six weeks at incubator temperature is 
graded from—, the amount originally planted on the medium, to ++ +, a luxuriant growth. 

+ These figures are the average of four analyses for carbon dioxide made of the gas from; 
the same culture tube. The tubes never analyzed less than 4 per cent or greater than 6 per 
cent carbon dioxide by the method of analysis employed. 


taneously, sufficiently large to hold the culture tube. Those tubes 
to have access to atmospheric air were inserted into this pocket and a 
small hole was made about three inches lateral to the original incision, 
just large enough to permit the mouth of the culture tube to pass out. 
Thus the tube was kept away from the primary incision. The tube 
was then held in place by means of loops of sterile silkworm gut, around 
the neck and just anterior to the place where the tube had been drawn out. 


=--- 


CARBON DIOXIDE AND THE TUBERCLE BACILLUS 583 


The operations were performed under ether anesthesia and absolutely 
aseptic precautions. 

The buried tubes were prepared similarly to the open tubes, except 
without the flanged end, with paraffine cotton stopper and sterilized; 
but they were inserted into the subcutaneous pocket open end first, 
so that they would be completely buried in the tissues. To hold the 
tubes in place and away from the incision, stay sutures of silkworm 
gut were used, just constricting the bluntly dissected pocket. In all 
cases the primary incision thus usually healed early and the skin stitches 
could be removed in from five to seven days. The stay sutures were 
not removed until the culture tubes were taken out at the end of the 
experiment. The tubes were allowed to remain subcutaneously for 
about four to six weeks, when comparison could be made. All the dogs 
were kept in dark cages during the course of the experiment, to rule 
out any detrimental influence of light upon the cultures. Thus the one 
set of tubes with external opening and access to atmospheric air were 
incubated in the animal body, while the buried tubes were incubated at 
body temperature and exposed to the tissue gases. 

‘Accidents encountered in these experiments were fairly common and 
included a sloughing out of the tubes before termination of the experi- 
ment, which occurred only in those with external opening; a shaking up 
of the culture medium; breaking off of the tip of the tube; and an infec- 
tion of the pocket with accumulation of fluid, which would flow into 
and spoil the buried tubes especially. In spite of these difficulties a 
great many experiments came to term without mishap. 

About fifty dogs were used in this part of the studies, while in the 
studies in which tubes were buried intraperitoneally there were about 
twenty-eight dogs. In many of the latter, however, two to three tubes 
were buried in the same animal, while in the subcutaneous studies each 
animal received only one tube. In all the animal experiments, however, 
which terminated without mishap, entirely consistent results were ob- 
tained. There was never a growth of the tubercle bacilli in any of the 
buried tubes, exposed to the tissue gases even after eight weeks, whereas 
in all of the exposed tubes, into which easy access of atmospheric air 
was allowed through the paraffined cotton stopper, a good growth was 
obtained within four to six weeks (see figures 16 and 17). 
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Fic. 16 


Fic. 17 


Fics. 16 AND 17. A COMPARISON OF THE GROWTH OF TUBERCLE BACILLI UPON GLYCERINE 
AGAR INCUBATED IN THE SUBCUTANEOUS TISSUES AND EXPOSED TO 
ATMOSPHERIC AIR OR TISSUE GASES 


Tubes I, III, IV and VI were buried in the subcutaneous tissues of the back with the 
upper, open end exposed to atmospheric air for six w.eks. They show profuse growths. 

Tubes II and V were completely buried in the subcutaneous tissues. The upper, open 
ends were thus exposed only to tissue gases. The tubes were heavily seeded and show entire 
absence of growth. 
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THE CARBON DIOXIDE CONTENT OF TUBES BURIED IN THE SUBCUTA- 
NEOUS TISSUES 


Since it was determined that the cultures of tubercle bacilli, buried 
in the tissues of dogs and permitted to acquire the carbon dioxide con- 
centration of the body, were inhibited, it seemed desirable to determine 
further the approximate carbon dioxide concentration of such buried 
tubes, and how soon, after being put into the subcutaneous tissues, the 
maximum concentration would be attained under the conditions of 
experiment used above. For this purpose a set of tubes was prepared 


TABLE 5 
The carbon dioxide content of culture tubes buried in the subcutaneous tissues. after certain intervals 


PERICD OF TIME IN HOURS DURING WHICH TUBES WERE 
BURIED BEFORE ANALYSIS FOR CARBON 
DIOXIDE CONTENT 
DESCRIPTION OF TUBE* 


1.5 24 72 


percent | percent | percent percent 


Empty sterile test tube stoppered with paraf- 


Sterile tube containing a slant of 5 per cent 
glycerine agar stoppered with paraffine- 

Sterile tube containing a slant of 5 per cent 

glycerine agar inoculated with human 
tubercle bacilli and stoppered with paraf- 


* The three tubes listed below this heading were inserted subcutaneously in one dog 
for each different time interval, making a total of seven dogs used in this experiment. 

+ The figures given are the results of the average findings of three analyses for carbon 
dioxide content by volume of the gas from one tube. 

t Lost indicates that through error in manipulation for analysis the entire tube was lost 
for accurate determination ‘of its carbon dioxide content. 


that were stoppered with a firm paraffine cotton plug as above, and 
sterile but empty, except for the presence of atmospheric air. There 
was also a second set identical to the first but containing a slant of 10 cc. 
of sterile 5 per cent glycerine agar, and a third set similar to the second 
but planted with human tubercle bacilli. One each of these tubes of 
the three sets was inserted into the subcutaneous tissues of the back of 
a dog with the open end distal to the incision, the technique being 
similar to that used in the above animal experiments; and at certain 
intervals the three tubes from one dog were removed, using all possible 
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precautions to avoid gaseous loss while placing the tubes over mercury 
for subsequent analysis. The gases of the tubes were then carefully 
analyzed for carbon dioxide with the results given in table 5. 

An examination of table 5 reveals that the carbon dioxide content 
of the paraffine-cotton stoppered tubes placed in the subcutaneous 
tissues of the dog gradually increases until it reaches its maximum of 
about 5 per cent after forty-eight hours, which is then maintained. 


SUMMARY AND CONCLUSIONS 


Humoral antibodies have failed to explain resistance to tuberculosis, 
the lymphocyte as the important factor is rapidly being discarded, 
allergic phenomena require further elucidation, and the phagocytic 
action of the wandering cell is recognized as important. But both 
humoral and cellular mechanisms of resistance leave much to be 


explained. 

Weber’s empiric reasoning that the deficiency of carbon dioxide in 
the body favors tuberculosis, while an accumulation retards the progress 
of the disease, seems to be highly significant, but his disregard of labora- 
tory procedures precluded his crystallizing the conception, in so far as 
it deprived him of the specific data essential to substantiate his theories. 
Further, it led him into some crude basic biochemical blunders. How- 
ever, his main empirically reasoned principles appear to be substantiated 
by. our experimental work. 

We have observed that 3 per cent carbon dioxide causes some inhi- 
bition of the growth of the tubercle bacillus in the test tube and that 
15 per cent is tuberculocidal. Tubercle bacilli will not grow in a carbon 
dioxide-free atmosphere. 

Cultures of tubercle bacilli buried in the tissues of animals and per- 
mitted to acquire the carbon dioxide concentration of the body are : 
definitely inhibited in their growth, while other cultures similarly 
buried, except that ingress of atmospheric air is permitted, show no 
inhibition. 

When viable tubercle bacilli are placed in a closed system, their 
growth becomes inhibited as the carbon dioxide which the organisms 
elaborate approaches a concentration of approximately 5.5 per cent; 
at which concentration respiration of these microdrganisms is also 
reduced toa minimum. In a closed system the end products of metab- 
olism automatically inhibit the growth of the organisms that give rise 
to them. This, of course, holds true in a measure for all biological 
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growth phenomena, namely, that the end products of metabolism if 
permitted to accumulate will attain a concentration at which they 
become toxic to the organisms elaborating them and consequently 
inhibit their growth and later may even destroy them. 

The significant feature of this study with the tubercle bacillus is 
that the concentration sufficient to inhibit definitely its growth, namely 
5.5 per cent, occurs normally in the human body; and the experiments 
conducted both in the test tube and in the animal body indicate that 
this concentration actually does inhibit the growth of the tubercle 
bacillus. 

It appears, therefore, that this factor is extremely significant in the 
réle of resistance to tuberculous infection and the subsequent develop- 
ment of the disease in the body; further that the normal body apparently 
possesses, by virtue of containing sufficient carbon dioxide, the ability 
to inhibit the growth of the tubercle bacillus. Experiments are now in 
progress to study further phases of this problem. 
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AN X-RAY STUDY OF THE PROGRESSIVE CHANGES IN 
THE LUNGS AND AORTA IN TUBERCULOSIS 
WITH SYPHILIS 


CLEAVELAND FLOYD, H. K. BOUTWELL anp R. L. LEONARD 


From the Clinic of the Boston Consumptive Hospital, Boston, Massachusetts 


The advance of pulmonary tuberculosis may be followed clinically 
by means of the stethoscope, with X-ray plates, or summed up by the 
pathologist from a study of the age and character of the lung lesions. 
The progressive changes in the lung tissue are known to be due to the 
involvement of the finer lymph spaces and bronchioles with tuberculous 
material and the coalescence of these into areas of tuberculous tissue. 

The clinical course of the disease commonly observed is the involvement 
of one apex, the extension of the process throughout the lobe and then 
the appearance of the disease in the opposite apex. 

Often, after the disease has advanced to a certain extent in one lung, 
it may become quiet or even healed, while in the opposite lung there 
may be steady progress. The changes noted in the case of bilateral 
fibroid disease are much less marked and take place much more slowly 
than in the case of an acutely active process. The course of the disease, 
as it progresses, is shown more through its effect upon other organs than 
the lungs. The pulmonary changes are those of infiltration and retrac- 
tion of tissue. The full extent of pulmonary involvement is almost 
never apparent on clinical examination alone. The X-ray plate demon- 
strates scattered tubercles well beyond the border of clinical signs. 
Often, where the chest signs are confined to the upper half of a lobe, 
tubercles may have occurred throughout the lung. This method 
therefore offers the opportunity of a systematic survey of the pulmonary 
tissue. The same is true in syphilitic lesions of the aorta. The aneurys- 
mal dilatation in syphilis may be followed, step by step, in its course; 
and the effect of treatment can be readily observed. For detection of 
pulmonary syphilis the X-ray is a valuable adjunct, as few of these 
lesions come to autopsy and the condition must be demonstrated by 
clinical methods. 
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The pulmonary lesions of syphilis are still under discussion and there 
are wide differences of opinion as to what constitutes them. Funk well 
emphasizes the fact that the failure to recognize luetic bronchitis in the 
second stage of the disease has frequently led to the diagnosis of 
phthisis. It is, however, in the old obscure case of syphilis, where the 
disease has been overlooked for years, that we may expect to find 
pulmonary involvement. 

Pulmonary syphilis, as it is known clinically, consists of a symptom 
complex of history, positive Wassermann test, extrapulmonary lesions, 
continued negative sputum for the tubercle bacillus and pulmonary 
signs found at the base or toward the hilum. 

Dunham suggests that those lesions giving rise to clinical signs in 
the lungs, but negative by the X-ray, are probably syphilitic. There 
is a general belief that pulmonary syphilis occurs as a basal lesion or as 
a gummatous mass near the hilum. 

The observations of Hoffman, Tenueka, Landis and others show that 
an apical process may occur quite as frequently as one at the base. 
When an isolated area of infiltration occurs at the hilum or base, syphilis 
will be at once suspected; but where the lesion is an apical one, or occurs 
coincident with tuberculosis, only the effect of prolonged syphilitic treat- 
ment will give a clue to the real character of the disease. 

The X-ray picture of pulmonary syphilis is not one to allow of cer- 
tainty as to the condition present. The irregularity of outline, indefinite 
shape and moderate density of the process in the lung, are the positive 
points in favor of this diagnosis. 

The effect of syphilis on the aortic arch is well recognized; but the 
results of treatment after the lesion is established are still under dis- 
cussion. Involvement occurs as an early manifestation and may progress 
to a neurysmal dilatation. 

All grades of the process occur from a slight localized broadening of 
the shadow to a dilatation of the aorta with cardiac enlargement due to 
aorta regurgitation. 

The effect of an intercurrent syphilitic infection upon an established 
pulmonary tuberculosis is that of stimulation of the production of fibroid 
tissue formation. How far this tendency may aid in preventing the 
condition of cavitation of the lung is uncertain. 

The procedure of a routine Wassermann test in the clinic of the Boston 
Consumptive Hospital has shown that 8 per cent of the male patients 
have syphilis. Fifty of these cases have been followed by physical and 


- 590 CLEAVELAND FLOYD, H. K. BOUTWELL AND R. L. LEONARD 


X-ray examinations over a period of years, during which time they 
have been treated more or less intensively for syphilis. There have 
appeared only two cases that were fairly typical of pulmonary syphilis, 
although several lesions in mixed infections of the lung receded under 
treatment where the pleura or the lungs were involved. In several 
cases clinical signs were present where the X-ray plate was negative, 
suggesting, according to Dunham, a luetic lesion. In three instances 
the appearance of the beginning formation of a cavity was obtained by 
the X-ray, which a year later had entirely disappeared and homogeneous 
fibroid tissue was alone in evidence. 

Observations of the effect of syphilis upon the aorta show the great 
frequency with which it is affected. The progressive dilatation of the arch 
has been observed to follow more or less closely the intensity and extent 
of the treatment. Where it has been intensive, we have frequently 
noted a definite diminution of the size of the arch and a secondary effect 
upon the heart. If the treatment is neglected or is irregular, the lesion 
advances to a point when noresults areobtainable. Even an aorta giving 
a shadow of 33 inches in diameter may respond under treatment and show 
a diminution in the shadow. 


CONCLUSIONS 


1. Every case having tuberculosis and syphilis combined should be 
given intensive syphilitic treatment, more especially if the lesion is not 
typically one of tuberculosis. 

2. The presence ofsyphilis may at times considerably aid in the pro- 
duction of fibrous tissue in the lung. 

3. Syphilitic dilatation of the aortic arch, evea in well marked 
instances may be improved by prolonged intensive antisyphilitic 
treatment. 


Fie: 2 


Fics. 1 anp 2. X-Ray PICTURES OF A PATIENT WITH A POSITIVE WASSERMANN TEST 
TREATED FOR SYPHILIS 


Fic. 1. April, 1917, showing a circumscribed area of infiltration in the right middle 
lobe spread out in fan shape fashion from the root of the right lung. 

Fic.2. April, 1920. Shadow in right middle lobe has entirely disappeared. Heart and 
lungs negative. 
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Fic. 6 


Fics. 3, 4, 5 aND 6. X-Ray PRINTS OF A PATIENT WITH PHTHISIS HAVING A POSITIVE 
WASSERMANN TEST 


Four observations—1917: Tuberculosis of both upper lobes. During 1918-1919 process 
on_the right became fibroid and also less extensive. During 1919-1920 the left sided process 
extended to the base by pleural involvement. The aortic arch showed some dilatation in 
1917, which was less marked in 1920. The interesting feature is the diminution of the 
signs on the right under antisyphilitic treatment. 
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Fics. 7 AND 8. X-Ray PRINTS OF A PATIENT WITH TUBERCULOSIS OF THE LEFT APEX, 
PosITIVE WASSERMANN TEST AND AN AORTA INCREASED IN SIZE 


Under treatment the aortic base returned to normal dimensions in two years time 
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SMALLPOX VACCINATION AND PULMONARY 
TUBERCULOSIS 


WALTER C. KLOTZ anp FRANK B. STAFFORD 
Blue Ridge Sanatorium, Charlottesville, Virginia 


Reports concerning the increasing incidence of smallpox in the United 
States have come from various localities. A number of cases having 
been discovered recently in southwestern Virginia, it seemed wise to 
guard against the possibility of an epidemic breaking out at our sana- 
torium, by vaccinating all patients and employees who had not been 
vaccinated successfully within the last five years. This decision was 
concurred in by the Commissioner of Health. On making a survey of 
our patients with a view of selecting those for vaccination it was found 
that 21 or 18.5 per cent of the existing census of 113, had never been 
vaccinated. A total of 93 patients were included in the list for vaccina- 
tion. Twenty infirmary patients who were running high temperatures 
were omitted. 

There is a paucity of observations on vaccination and vaccinia in the 
course of active tuberculosis; and, while this communication must of 
necessity be in the nature of a preliminary report, we feel that it is of 
sufficient importance at this moment, when on account of neglect of 
vaccination there is a material increase of smallpox in the country at 
large. The routine vaccination of patients and employees in public 
institutions acquires a greater significance, therefore, and our own ex- 
perience may be of help to physicians in charge of tuberculosis hospitals 
and sanatoriums, who might hesitate to carry out vaccination in active 
cases for fear of aggravating pulmonary lesions through possible febrile 
reactions. In this connection we would refer to Howk and Lawson’s 
experience at the Metropolitan Life Insurance Sanatorium, which was 
reported last year (1), and which offered us considerable moral support 
in issuing a general order for routine vaccination, as many of the cases 
were not only active but far advanced; and we might have hesitated in 
taking such a step for fear of setting up severe focal reactions or causing 
extensions of tuberculous lesions. However, a study of this first group 
of cases, a month after vaccination, would indicate that our experience 
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agrees with that of Howk and Lawson, namely, that vaccinia, even if 
accompanied by quite severe clinical and constitutional symptoms, is 
only transitory and does not have any discoverable effect on tuberculous 
lesions so far as can be ascertained by physical examination. 

All vaccinated patients had had the usual routine chest examination 
within a short time before vaccination and were kept in bed during the 
active manifestations of vaccinia, if there were any febrile reactions of 
100° F.ormore. They were given a special and very careful examination 
after all local and general symptoms of vaccinia had subsided. In only 
one of them was there any increase in the number of: rales, but in this 
case the disease had been progressing for sometime. In only one patient 
was a serial X-ray plate made after vaccination, and this showed 
less density of rather circumscribed shadows than the last previous one. 
This confirmed the signs obtained on physical examination. This case 
had had .a positive sputum examination on several occasions before 
vaccination, but several repeated direct examinations of the sputum 
since vaccination have been negative. In this case, a second vaccina- 
tion, in a young girl twelve years of age, the symptoms of vaccinia had 
been mild with a maximum temperature of 99.8°. In one chronic 
fibroid case with considerable activity, referred to above, a man fifty-six 
years of age (first vaccination), the subjective and local symptoms of 
vaccinia were more severe than the average and lasted fortendays. There 
was a maximum temperature of 102°F., occurring on the eighth day. 
This was the case in which the local signs in the lungs had apparently 
been more marked. However, as soon as the vaccinia had subsided the 
patient maintained that he felt better than he had before. His appetite 
was increased and he gained in weight, whereas he had remained stationary 
for some months before. As shown by the accompanying table there 
were a number of cases with severe vaccinia, but once the symptoms had 
subsided most of the patients stated that they felt better than they had 
before vaccination. Needless to say, the writers do not wish to give the 
impression that there was any real therapeutic value in vaccination, 
and cite these statements simply as the hearsay evidence of patients 
regarding their subjective symptoms. 

The period of incubation varied from five to ten days and the average 
duration was about four days. The highest temperature recorded was 
104°, which continued for several days. In a group of 19 employees, all 
of them colored, two of whom had never: been vaccinated before, the 
symptoms of vaccinia were as severe as in the patients with active tuber- 
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culosis. The vaccine used was from the same source and the same 
method of technique wasemployed. These cases might serve as controls, 
showing apparently that the tuberculous process in itself did not influence 
the severity of the vaccinia. 

The table shows the distribution of tuberculous cases, vaccinated 
according to the classification, and the effects of vaccination in each 
group. From these figures it would not appear that the stage of tub- 
erculosis had determined any difference in the severity of the vaccinia. 
These figures agree moreover with the impressions obtained from an 


TABLE 1 


The results of vaccination in 93 tuberculous patients. All primary vaccinations were 
positive. Severe vaccinia noted only in primary vaccinations. Vaccinia as severe in early 
cases as in far advanced. Moderately advanced cases showed severe vaccinia in approximately 
half the cases. 


RESULTS OF VACCINATION PULMONARY CONDITION 


ONE MONTH AFTER 
CLASSIFICATION OF VACCINATION 


PULMONARY CONDITION Primary Secondary 
(NAT. TUB. ASS’N) 


re Nega- Un- 
Positive tive Changed changed 


Nega- 


Positive 


Minimal, 23 cases 6 0 2 15 0 23 
(All severe 
vaccinia) 


Moderately advanced, 62 cases 11 
(5 severe 
vaccinia) 


Far advanced, 8 cases 2 1 
(Both severe Increased 
vaccinia) activity 
Totals, 93 cases 19 12 | 62 1 92 


individual study of the cases which cannot be presented accurately 
without going into a detailed description of each case. 

Summing up briefly, it would appear from our observations that 
vaccination is not contraindicated in tuberculosis and does not exert 
any unfavorable influence on tuberculous processes in the lungs. 

It would be proper to conclude, therefore, that routine vaccination 
is not only a safe procedure, but rather a necessary safeguard in connec- 
tion with tuberculosis sanatoriums, in view of the increasing incidence 
of smallpox in many parts of the United States. 
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It is safe to state that vaccinia is at least less severe than smallpox. 
There can be no question but that in the case of many large tuberculosis 
institutions, which are not planned to provide for proper isolation and 
treatment of acute infectious diseases, an epidemic of smallpox would 
prove a serious administrative problem and an emergency difficult to 
meet, comparable only to a large conflagration. Assuming that the 
proportion of unvaccinated in other communities is as large as it was in 
our own, such an occurrence might not be so remote a possibility. 
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PURULENT EFFUSIONS COMPLICATING ARTIFICIAL 
PNEUMOTHORAX! 


LEROY S. PETERS 
Albuquerque, New Mexico 


It is granted by tuberculosis workers, especially those doing a great 
deal of artificial pneumothorax, that effusions of a serofibrinous 
character are found sooner or later in the majority of their patients. 
Later on, a small percentage of such effusions become purulent, and 
finally a still smaller percentage become true empyemas. 

It is generally granted that tuberculous pleurisies are in a class by 
themselves, and admitted that the purulent effusions may be primary, 
or may occur secondarily to the serofibrinous form. It is also granted 
that these purulent effusions are sterile, except for the presence of the 
tubercle bacillus and further, that in the very beginning the cell count 
will show a high percentage of polynuclears, but later, as the effusion 
develops, the lymphocyte will be the predominating leucocyte. 

The point I wish to emphasize is the occurrence of purulent effusions 
in tuberculosis without the ordinary pus organisms such as the staphy- 
lococcus, pneumococcus or streptococcus. 

In the gas cases the occurrence of purulent effusion, usually secondary 
to the serofibrinous variety, is possibly more common than in the 
non-gas cases. This I believe is due to the ease with which the tubercle 
is allowed to spread. In a noncompressed lung the eruption of tubercle 
is a limited process due to the apposition of the pleural surfaces, while 
in the compressed lung no such apposition occurs. Thus, an extensive 
surface offers an unlimited field for the eruption of tubercle and the 
flooding of the effusion with countless bacilli. 

The formation of effusions in gas cases bears no striking difference 
in symptoms to the formation of fluid following a pleurisy. 

There is usually a sudden onset, sometimes with a distinct chill, followed 
by chilly sensations for days and high fever, 102°-104°, with marked 
prostration in many patients. Usually after a few days, the presence of 
fluid can be determined, although in a compressed lung it is much more 


1 Read before the Southwestern Medical and Surgical Assocation, December 12, 1920. 
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difficult than in a normal chest, unless one has access to the fluoroscope 
when minute quantities can be detected. The fever gradually sub- 
sides, and at the end of two or three weeks will usually be normal. 

The treatment in the gas cases is one of watchful waiting. Unless 
the fluid reaches such a volume as to cause pressure symptoms, it had 
better be left alone, for it acts as a means of compression, and one 
need not disturb the patient with injections of air during the height 
of the fever. It has been my experience that the removal of fluid will 
have little effect on the fever any way, and re-accumulation will take 
place rapidly—sometimes in twenty-four hours. It is surprising what 
amounts a chest will hold without pressure symptoms. This in part 
is due no doubt to the fact that the lung has been compressed over 
varying periods of time and the patient is not conscious of a sudden 
compression due to a rapid accumulation of fluid. 

I have now been using lung compression for eight years, and have 
attempted an artificial pneumothorax in 250 patients. In this number, 
I have had 26 cases of purulent effusion. In all these cases, examination 
of the fluid by smears has been made and cultures planted. Eight of 
these have shown mixed infection pus and the remaining 18 have 
proved negative; in other words, showing only the tubercle bacillus. 

In the eight empyemas, drainage was done and the ultimate outcome 
was death in six. One obtained a perfect healing at the end of a year 
and lived in excellent health for four years, working during that time, 
when a recurrence was noted and death followed a second operation. 
The one other is still alive, having fallen into the hands of another 
physician who advised rib resection. A radical operation was done 
cutting out the ribs from the second to the ninth. He is still alive, 
but the prognosis is hopeless. 

All the remaining 18 cases showing sterile pus made recoveries from ° 
the initial fluid formation and continued their treatment. Out of that 
number, I was able to follow the subsequent history of ten. Twoof 
these died from terminal tuberculosis, the opposite lung becoming ex- 
tremely involved. One died from kidney and heart complications, due 
no doubt to toxic absorption over a long period of time; and one is 
still living, although recently sent home with a hopeless prognosis. 

Four have carried more or less pus for the past three years, but have 
been in good health. One of these practices law, one is an artist and 
works daily, one is employed in a clerical position, and one keeps house 
for a large family. The other two are still under treatment, but doing 


well. 
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In passing I may say that the true empyemas are usually caused by 
spontaneous pneumothorax. This I was able to demonstrate in 6 of 
the 8 cases reported, and I am sure the other 2 are of the same nature, 
although the physical findings could not warrant such a diagnosis. 

From the foregoing let me draw the following conclusions: 

1. Purulent effusions, due only to the tubercle bacillus, are found 
in tuberculous pleurisies independent of artificial pneumothorax. These 
may be primary or secondary to a serofibrinous effusion. 

2. Many of these effusions may in the beginning show a high percentage 
of polymorphonuclears. Later, as the effusion develops, the lymphocytes 
predominate. 

3. The formation of fluid in the “gas chest” is identical with the 
formation of fluid in the average tuberculous pleurisy, giving rise to 
the same symptoms, but the purulent effusion is perhaps more often 
noted in lung compression than elsewhere. 

4, Treatment is expectant. Removal of fluid should be performed 
only when necessary to relieve pressure symptoms. 

5. The average patient with sterile pus recovers as easily and as quickly 


as the average patient with only a serofibrinous effusion. 
6. True empyemas must be treated by drainage and their prognosis 
is usually hopeless. 


THE ROLE OF THE INTERNATIONAL UNION IN 
COMBATING TUBERCULOSIS! 


GEORGE E. BUSHNELL 


There can be of course no question but that the diagnosis, treatment 
and prophylaxis of tuberculosis, as well as the education of the people 
in practical prophylaxis, all depend ultimately upon our conceptions of 
the pathology of the disease. It is, therefore, unfortunate that notwith- 
standing an enormous amount of work and many notable advances in 
our knowledge, the views held as to the pathology of tuberculosis are 
as discordant as ever. Little real progress can be made until we agree 
better as to the fundamental questions of tuberculosis. 

Why does this discordance exist? Largely, it seems to me, because 
of the neglect of fundamentals for the study of other questions of a 
more advanced and recondite nature. It is to the importance of the 
study of these fundamentals in tuberculosis that I desire to invite your 
attention. 

When the discovery of the tubercle bacillus furnished for the first 
time simple and objective criteria for the detection of tuberculosis in 
its manifest forms, the tuberculous stood out as a well marked class, 
sharply distinguished from the healthy. On one side of the line in our 
conception were the tuberculous who were to be shunned as sources of in- 
fection; on the other side of the line stood the healthy who were to be 
protected against the disease by ordinances and regulations, no matter 
how oppressive to the tuberculous members of the community. But 
difficulties at once arose in applying in practice this simple classification. 
The disease is insidious; some who seemed healthy proved to be its 
victims. The task that confronted the profession was the detection 
of masked tuberculosis. The line that had seemed so sharp now 
proved to be sometimes obscure and confused. But greater difficulties 
impended. 

The introduction by von Pirquet of the cutaneous tuberculin test 
was only less important from an epidemiological standpoint than the 


1An address delivered at the meeting of the International Union Against Tuberculosis, 
London, England, July 26, 1921. 
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discovery of the tubercle bacillus. We remember the consternation with 
which the medical profession received the demonstration that at least 
a very considerable portion of the supposedly healthy members of the 
civilized community had come into contact with the tubercle bacillus 
to the point of reacting to tuberculin, and were therefore properly to 
be considered as infected with tuberculosis. The medical men of the 
United States at least averted their eyes from the idea as from a spectacle 
too terrible to witness. Every effort was made to minimize the impor- 
tance of the unwelcome revelations. The positive findings were ob- 
tained, it was said, among the proletariat of European cities; they did 
not apply to the conditions of American life. An attenuated tuberculin 
gave us much smaller percentages in the cutaneous test than those of 
Vienna, and we derived consolation from the fact. But the old line of 
demarcation between the well and the tuberculous had lost its value— 
too many of us belonged on the wrong side of the line. The distinction 
was soon made between tuberculous infection and tuberculous disease, 
and the line was now drawn between these two conditions. 

Now the theoretical distinction between those who need treatment 
and those who do not is simple enough. The difficulty in practice is 
to determine who it is that requires treatment. Newly discovered 
methods of employing tuberculosis antigens seemed to promise aid, and 
many efforts have been made so to use tuberculin that it should detect 
tuberculous disease and not confound the results by indicating also 
what is only tuberculous infection. Laboratory workers also have ex- 
hausted their ingenuity in devising combinations of antigens whichshould 
reach the same end through the complement binding reaction. I need 
not add that these various endeavors have as yet proved fruitless, the 
reason for this being that a sharp line of distinction between infected . 
individuals who have and who have not an active tuberculosis does not 
exist. The reactivity of the individual only, not his need of treatment, 
is indicated by such tests. 

We have, therefore, felt compelled to continue to place our dependence 
upon physical diagnosis, in order to distinguish between tuberculous 
infection and tuberculous disease. We are not, I think, altogether 
satisfied with the results that we obtain, yet in no other disease is the 
diagnosis so accurate as to details. In few other diseases is it even 
attempted to make a topical diagnosis, to determine past history and 
to follow the course of the morbid process from month to month in 
the various portions of a single organ. We can do so much because of 
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the extraordinary variety and delicacy of the signs furnished to us by 
the lungs. We command many resources; is it not a fair question 
whether we make full use of them all? If I may be permitted a sugges- 
tion, I would say that our difficulties often arise from a too narrow view. 
The tuberculous lesion, as we find it outside of the period of infancy, is 
rarely the primitive lesion and is only to be comprehended fully when 
we regard it as constituting one of the chapters of a perhaps long history. 
Some of the chapters of this prolonged record have been but little read. 
It is our ignorance of these chapters which should by all means be 
remedied. 

Because of the assumption that the tuberculous lesion found, we will 
say, in the apex is the sole expression of the tuberculosis, that it is 
recent because recently discovered and that it is active because recent, 
we are in danger of laying too much stress upon incipiency and too 
often confound the incipient lesion with the obsolete. We, as clinicians, 
do not always give due weight to the fact that the X-ray usually shows 
the existence of a deep tuberculosis—a chapter in the history of the 
disease which is sealed to us, so far as practical application of our knowl- 
edge is concerned. We practically ignore, as therapeutists, the deep 
seated forms of tuberculosis of early life which, whether or not they may 
be benefited by treatment, almost never as a matter of fact receive 
such treatment—until too late. We do not as yet know how far the 
almost universal tuberculization of our race is accompanied by a tuber- 
culous process in the lungs, as well as in the tracheobronchial lymph 
nodes, discoverable by physical diagnosis or otherwise. We do not 
even know whether immunization may not necessarily depend upon 
past or present tuberculous disease, whether the distinction between 
tuberculous infection and tuberculous disease after all may not exist. 

Many familiar facts would seem to invite inquiry along such lines. 
We know of the practical universality of tuberculosis of the tracheo- 
bronchial nodes; we know that the small parenchymatous focus, the 
Ghon focus if you please, is very common. This focus with its enlarged 
regional hilum nodes and with the peribronchial and perivascular lym- 
phangitis about the vessels which connect focus and nodes, presents a 
complete pulmonary tuberculosis in miniature. We know that localized 
thickenings of the lines which proceed to the lower lobes from thehilum 
are very frequently seen. Such thickenings are often ascribed to other 
causes. Their tuberculous nature is proved if, as is often the case, the 
thickened lines are accompanied by dots which can hardly be accounted 
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for as anything else than tuberculous lymph nodes. When did this 
process run its course, this deep tuberculosis now soundly healed? What 
is its significance as to prognosis? How frequent is it? 

When it was reported that some 86,000 French soldiers had fallen 
victims to tuberculosis under the conditions of military service, appfe- 
hension was felt by some in America lest our soldiers might also become 
a prey to the same disease. But at a later time it appeared that the 
large majority of these men had been rejected at entrance into the 
army, and therefore had not acquired their disability in the military 
service; also, that there was doubt whether the major portion of 
those in whom tuberculosis had been diagnosticated really had that 
disease. On the other hand, one authority thinks that these soldiers 
really had tuberculosis, but an abortive and healed tuberculosis which 
did not incapacitate for service. Such uncertainties as to the diagnosis 
of tuberculosis have led to error in all of the principal armies engaged in 
the late war. The example is cited as an illustration of the great prac- 
tical importance to the world in war, as well as in peace, of greater 
clarity in our views as to the minor abnormalities of the upper lobes. 
When such abnormalities are found in otherwise healthy persons, are 
they to be ascribed chiefly to atelectasis and congestion, or to nontuber- 
culous induration, or to a healed tuberculosis, or are many of the signs 
in reality not evidence of abnormalities at all, but due to the proximity 
of the bronchi? 

We know that not only do the lower lobes in health show markings 
ascribable to tuberculosis, but that quite as frequently similar loca- 
lized thickenings of the lines which ascend from the hilum to the upper 
lobes are apparent in the radiograph, with or without other evidences of 
tuberculosis in persons never known to have been.ill. We do not know 
from a large series of observations whether there is such a constancy 
between the physical findings atid those of the X-ray as to indicate that 
both series of phenomena are due to a single cause. Such questions are 
epidemiological questions, only to be solved by a long and unremunera- 
tive process of research which the physician cannot be expected to under- 
take unaided. They are at the same time relatively simple questions and 
easy of approach, sufficient time and money being given. They should 
be carried out, not upon patients who believe themselves ill or are ill, 
but upon a multitude of healthy individuals, fair representatives of 
the population at large. 
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From the standpoint of the epidemiologist, it is surprising how little 
interest has been excited by the remarkable fact of the existing wide- 
spread infection with tuberculosis and how few are the investigations 
which seek to get at the root of the matter. 

For example, we hear constantly that tuberculin is of little value in 
adults, because so many of them react to it and very similar statements 
are made as to the complement binding reaction. But both the cuta- 
neous and the complement binding tests are too insensitive to reveal all 
of the tuberculous infection. The important point—what is the mean- 
ing of the negative percentage in these reactions—seems never to be 
considered. 

In the description of a disease, the natural method is to bring out 
most prominently its characteristics as they are found in the majority 
of the cases. Tuberculosis stands alone among the common and serious 
diseases which afflict mankind in that its characteristics, as they appear 
in the large majority of the infected population, receive but scant 
consideration and, indeed, have practically not been studied at all. 

My point will be clearer if we put the matter as follows: The tubercle 
bacillus is a highly resistant and widely disseminated microérganism, 
which no person living in our present civilization can long escape. The 
result of the incorporation of the bacillus is sooner or later an inflamma- 
tory reaction, which in most cases passes unnoticed. The majority of 
the population does not develop a tuberculosis, which is clinically mani- 
fest, according, at least, to our present criteria, however great the ex- 
posure to the disease may subsequently be and however bad the hygienic 
conditions. A certain minority in the population, however an undesira- 
bly large minority, say one to seven or one to ten, fares less well. They 
develop a disease, usually of the lungs, which often proves fatal, though 
frequently ending in more or less complete recovery or arrest. Such 
cases may properly be called the failures in tuberculous infection. 

From such a standpoint, it would appear that the conspicuous success 
of the majority in escaping the evil results of a grave infection of which 
they have been the subjects, might be worthy of serious consideration. 
We may well ask ourselves what it is that enables the majority to escape. 
How do they differ from the unfortunate minority who perish in the 
same surroundings? The answer must be we do not know. We 
know at least what is not the chief reason for the development of mani- 
fest tuberculosis. It is not bad air, nor bad food, nor bad hygiene, 
nor overwork, nor race, nor unhealthy climate, for the majority of the 
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numbers of our civilization who are subjected to those various unfavor- 
able influences escape. And if we take refuge in the word “predisposi- 
tion,” that is merely another name for ignorance. What percentage of 
civilized adults fail to react to the cutaneous tuberculin test with un- 
diluted tuberculin? How many of those negative to the cutaneous test, 
after repeated applications, can be made to react to tuberculin adminis- 
tered intracutaneously or subcutaneously? If there remains a nega- 
tive percentage after such tests, what is to be thought of the existence 
of tuberculous infection in such cases? In remote rural communities 
where manifest tuberculosis has long been absent, does a negative reac- 
tion to tuberculin mean absence of infection or a high resistance? What 
is the meaning of a negative reaction to tuberculin in cases of bone and 
joint tuberculosis, in persons apparently healthy, who are employees of 
tuberculosis sanatoria or are otherwise much exposed to infection, 
or in patients known to be tuberculous, yet at work and in fairly good 
health? 

We need to know the conditions of the infection which results so 
favorably in the majority, as contrasted with the cases which terminate 
fatally. Is it a mere matter of dosage? Should the primary infection 
be minimal in amount, or does a large dose of tubercle bacilli determine 
a more vigorous reaction and give a better prognosis? In what year 
of life is it best that infection should first take place, or (what is not 
necessarily the same thing) become evident through reactivity to 
tuberculin? 

Each independent pathologist seems to erect his own standards as to 
what is or is not to be considered evidence of a past tuberculosis; with 
the inevitable result of a considerable discordance in the findings of the 
individual investigators. This was conspicuous in the attempts made 
to determine the percentage of tuberculosis found at the autopsies of 
combatants in the late war. There can be no question that a not over- 
whelming tuberculous infection produces an allergy, call it immunity 
or not, as you please, which profoundly affects the reaction of the 
tissues for an indefinite period. Such changes of reaction should be more 
marked among the successes than among the failures in tuberculous 
infection and more marked in a ripened resistance than in a newly 
established process. How strange that this point has not long ago 
attracted universal attention! The fact is that we know much about 
the phenomena of a recent artificial infection, but almost nothing about 
the minute details of the pathological histology of the small and long- 
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healed tuberculous lesion and as little of the slowly and intermittently 
progressive, comparatively benign deep tuberculous process in the 
lungs. 

What disease so abounds in paradoxes as does tuberculosis! It 
is at once the most trivial and the most deadly of diseases. It has 
swept away whole tribes, living in perfect health in a salubrious climate, 
yet the teeming millions of the Orient continue to multiply despite its 
constant. presence. The immortal discovery of Jenner robbed small- 
pox of its terrors, but at the expense of producing a, local lesion not 
without its discomforts and even dangers. The “great white plague” 
on the other hand, the most universal and the most constantly 
dreaded of diseases, effects a vaccination against itself in the bodies of 
the majority of mankind so easily, so painlessly, that the child passes 
through the momentous transformation unnoticed. 

We have sought in vain to force tuberculosis into the mould of other 
infectious diseases: it is a law unto itself. We have learned enough 
to see that it is a disease which must be studied without prepossessions, 
to see that its immunity though no less real is not like the immunity of 
other diseases, that it can only be comprehended by taking into con- 
sideration the facts of the disease as it manifests itself in every clime 
and in every social status. Above all, we must not fail to study with 
care the tuberculosis of the uncared for, unstudied majority of civi- 
lized mankind, for in the success unconsciously attained by this majority 
lies the hope of rescuing the minority who now fall beneath the scourge 
of tuberculosis. For the study of this tuberculosis of the majority we 
need the accumulation of data by epidemiological investigations, which 
should be prolonged beyond the usual period of activity of a single 
investigator, and which would require expenditures beyond the purse of 
the individual and of local institutions. If our attitude as physicians 
has been individualistic and our investigations parochial in scope we 
should not be blamed; we have done the best that we could asin dividuals, 
with the time, the clinical opportunities and the money at our disposal. 
Forjthe broad view and for extended investigation is needed the guid- 
ance of a governing body, immortal in life because constantly renewed 
in membership, which can initiate a universally applicable policy; a 
body which shall garner and sift the results of observations extending 
over the world through the lifetime of more than one generation; a 
body which, because it is international, shall be bound to follow no mas- 
ter and shall not be tempted through patriotism to exalt the findings of 
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the one, nor to depreciate the findings of the other school; which shall 
contain minds of the keenest logical powers to get at the very root of the 
matter, not forgetting advocatus diaboli to pick flaws if possible in such 
conclusions as may be reached ;—a body, too, which by its eminence and 
its world-wide connections shall be able to loose the pursestrings of : 
capital and command abundant resources. Where can such a -body 
be found better than in the International Union Against Tuberculosis? 

In my opinion this body has an unrivaled opportunity for research, 
aside from the eminence of its members, in that it may assume work 
that is too prolonged, too tedious and too expensive for the ordinary 
investigator. 

I had prepared a list of subjects worthy of investigation, but the 
time is short and moreover it would be superfluous, even impertinent, 
to attempt suggestions to such an audience more competent than I to 
institute investigations of this kind. I cannot, however, resist the desire 
toimpress upon you one thought. Itisthis: a basal fact in phthisiology 
which has been established beyond the shadow of a doubt is that the 
large majority of civilized mankind are infected with tuberculosis. 
That they do not die of it is the best of proofs that tuberculosis is not 
necessarily an evil. May it not indeed be that the salvation of the 
people is to be sought in an optimal tuberculization? The hope of 
entire freedom from infection with tuberculosis is surely illusory under 
present conditions. 

We have learned by bitter experience that war can only be conducted 
successfully with the aid of a perfect codperation and, wherever practi- 
cable, a thorough standardization. The existence of the International 
Union shows that our leaders are alive to the advantages of inter- 
national codperation in the study of tuberculosis. Under their leader- 
ship, may we not look forward to standardizing our knowledge, to com- 
pelling the assent of the world by the accumulation of mountains of 
proved objective facts, so that some of the problems of to-day shall 
become the truisms of to-morrow, so that there may be laid, broad and 
deep, everlasting foundations upon which our successors shall go on to 
build a perfect structure? 

In the preceding remarks upon the subject of the relations of the 
International Union Against Tuberculosis to investigations of the 
difficult problems of tuberculosis, I have endeavored to maintain as 
objective an attitude as possible and to speak only of the simpler facts 
of tuberculosis in the simplest words. Yet it is impossible to avoid lan- 
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guage which shall reveal the speaker’s standpoint. You know per- 
fectly well what my views are. Furthermore, it is safe to say that you 
do not agree with me. Iam perfectly sure that the majority of my hear- 
ers do not share all of my views. Now it is always pleasant for a speaker 
to feel that he carries his audience with him. But if I could have be- 
lieved that you would agree with me, this address would not have been 
made. For the point of it all is our differences—our differences as to 
the fundamental questions, the basal facts of phthisiology. If the 
members of a body like that which I have the honor to address were all 
in accord upon those questions, the world would be ready to build upon 
that solid foundation for which it has so long waited in vain. But you, 
on the one hand, and I upon the other, both parties with every desire 
to know the truth, see the truth in different ways: we are not in accord 
as to the fundamentals, perhaps do not agree as to what the fundamentals 
are. I have mentioned what I considered gaps in our knowledge, 
which it is desirable should be filled. My fundamentals are stated by 
way of examples as to lack of knowledge and lack of agreement. I 
have no wish to impose and no expectation of imposing my views upon 
you for your acceptance. I am not wedded to my views; all that I 
desire is the truth—that is all that you desire. But we differ; that is 
another very good example of lack of agreement. 

Let us at least agree that the lack of agreement is regrettable. Let 
us do something to remove this stigma upon our science, I care not 
what, so long as the work accomplished brings as its reward some irre- 
futably established principles; some courses, however apparently 
insignificant, upon which in time the foundations may be completed, 
the superstructure begin to rise. 
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SMALL PNEUMOTHORAX IN TUBERCULOSIS 


(Abstract of a monograph) 
NATHAN BARLOW anp JAMES C. THOMPSON! 


The limited space at our disposal makes it necessary to defer all 
explanations, discussions of abstruse questions, references to literature, 
and acknowledgements of indebtedness to our detailed report; and, as 
a consequence, only those applications of our work which are most 
obvious can be even mentioned in so brief a paper. In presenting a 
report of a condition which has important and practical applications to 
both the diagnosis and treatment of tuberculosis, but which has been 
almost entirely overlooked by the keenest investigators up to the 
present time, we feel that a brief explanation is due as to why the fre- 
quency of the condition has not been recognized before. 

We owe the greater part of our knowledge of disease conditions and 
the interpretation of physical signs to the pathologist. We have very 
justly come to feel that any interpretation of physical signs or clinical 
symptoms, which cannot be confirmed at autopsy, must have con- 
clusive proof of some other nature before it can be accepted. The 
small pneumothorax which we are considering is not a permanent 
pathological change of the pulmonary tissues, but it is a temporary 
displacement of tissue and usually disappears before or during the 
terminal illness. The few which do persist are destroyed when the 
pleural adhesions are separated at post mortem. As these temporary 
structures are very frequent in tuberculosis, and rarely, if ever, occur 
in other diseases, the changes in the physical signs which they produce 
have naturally been considered as due to the pathological changes 
which were evident at the autopsy. 

A pneumothorax is easily recognized in X-ray plates only when it 
extends from the anterior to the posterior wall of the thorax, so that 
there is an area upon the plate which is entirely free from lung markings. 
The smaller ones which we are considering are very seldom situated in 
exactly that location, so that there is usually no area upon the plates 
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which is free from pulmonary markings and, if the displacement is 
either anterior or posterior, there may not even be any definite area of 
decreased density. The diagnostic criterion is therefore a definite 
separation of pleural surfaces. This can only be perceived in stereo- 
scopic plates taken by a technique adapted to its demonstration in 
that particular patient, so that while routine stereoroentgenograms will 
demonstrate this separation in a certain number of patients, in many 
cases it is necessary to give special attention to the details of technique 
which are discussed in our report. The actual vision of separation of the 
pleural surfaces requires not only facilityin the use of the stereoscope, but 
also, in the majority of cases, considerable experience in the study of 
small pneumothorax. If the detection of a small pneumothorax de- 
pended entirely upon the attention being attracted by this separation, 
we doubt if we ourselves would find more than a small percentage of the 
small pneumothoraces which are present. 

Fortunately, the changes produced in the arrangement of the markings 
are of such a nature that they can be usually recognized as different 
from those which occur in pulmonary tuberculosis unaffected by 
pneumothorax. We have called these peculiar arrangements and dis- 
tributions of densities “indicating signs.” We describe a number of 
these in our report. The most easily recognized are deviation of the 
trachea and mediastinum, annular shadows, and bands and zones of 
density and rarefaction which do not conform to those which would be 
expected from any probable course of development of a tuberculous 
process. The deviation of the trachea or of one wall is the most 
easily perceived of any of these, is usually angular when recent and 
points toward the side on which the pneumothorax occurs. That is to 
say, that while in large pneumothoraces, the trachea, mediastinum, or 
heart are deviated toward the opposite side, in small localized pneumo- 
thoraces the deviation is toward the side on which the pneumothorax 
lies. Annular shadows lying either at the surface of the lung, or in the 
region of the interlobar septa, occur in a certain percentage of localized 
pneumothoraces in these regions and when present afford an easily 
recognized indicating sign. Areas of rarefaction and bands or zones of 
density which do not conform to the ordinary locations of a tuberculous 
process and which are difficult to explain are often produced by localized 
pneumothorax and when present should lead to scrutiny of the plates. 

We classify small pneumothorax in different ways. The most ob- 
vious classification is into a superficial and deep group: the super- 
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ficial comprising all those in contact with the pleura of the thoracic wall, 
and the deep group comprising all those which lie entirely upon the 
mediastinal or interlobar surfaces of the lung. Clinically, the most 
useful classification is into central and lateral groups. The central 
group includes all those which lie in relationship to the median half of 
the lung. The lateral group includes not only those of the superficial 
group which lie over the lateral half of the lung, but also interlobar 
pneumothoraces which are large enough to approach the lateral surface 
of the lung. 

The formation of these small pneumothoraces is discussed in detail 
in our monograph. Briefly, it depends upon the fact that adhesions 
are first formed and are densest at the periphery of a tuberculous area. 
The mediastinal and central forms are likely to be long and tubular, 
because the heart, in front, and the great vessels, behind, tend to pre- 
serve by their pulsation two bands of pleural surface which remain free 
from adhesion. The frequency with which these small pneumothoraces 
are found depends largely upon the technique of both the X-ray and 
the physical examination and the amount of skill and experience in their 
detection. It seems that nearly every case of tuberculosis at some time 
or other presents one or more of these structures. In a careful study of 
over a thousand cases of nontuberculous disease, we have found no in- 
stances of the presence of a small pneumothorax in the areas which are 
characteristic of tuberculosis. The partial pneumothorax which 
occasionally occurs in streptococcic pneumonias and similar conditions 
is entirely different in size and location and should cause no confusion. 

The striking physical signs which are characteristic of large partial 
or complete pneumothorax are not usually encountered in the small 
forms which we are considering. The metallic phenomena, marked 
tympany, and complete suppression of all breath sounds are not 
characteristic of very small pneumothorax. With one or two possible 
exceptions there is no single sign which cannot be produced by other 
pathological conditions. It is natural, therefore, that the changes in the 
signs which are caused by small pneumothorax should have been ° 
attributed to other and more generally recognized changes, and that 
many examiners have adopted a technique which accentuates the physical 
signs least affected by the presence of a localized pneumothorax, and 
have learned to disregard the discrepancies in the results of different 
diagnostic procedures, which we so constantly encounter in the course of 
our physical examinations. 
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The physical signs of the superficial group are more obvious than 
those of the deep group. On inspection, deviation of the trachea may be 
perceived, together with the usual signs of early tuberculosis. On 
palpation, deviation or broadening of and distortion of the trachea may 
be perceived. Changes in the muscles, and other palpation signs of 
early tuberculosis are usually found, and occasionally the pneumothorax 
may be outlined by palpation of the tactile fremitus. 

The primary percussion change of a small pneumothorax is the pro- 
duction of true tympany as distinguished from hyperresonance. Owing 
to thickening of, or deposits upon, the pleura, this soon becomes dulness, 
with or without a tympanitic overnote and may simulate ordinary 
hyperresonance or impaired resonance. In the collapsed area, slight 
or marked dulness is of course to be expected. Percussion often indicates 
a localized pneumothorax, by revealing a deviation of the mediastinum 
toward the affected side. We have found that small cavities usually 
produce diminished dulness or slight resonance, rather than tympany. 
A cavity large enough to produce tympany usually gives a low pitched 
tone, while the tympany of small pneumothorax is usually high pitched. 
It is sometimes possible to outline both cavity and pneumothorax 
from the difference in the pitch and quality of the tympany heard over 
adjacent areas. It may be noted here that the cavities remaining 
after complete destruction of a considerable part of a lobe by an acute 
process have their lateral walls formed by pleura alone. The mechanical 
conditions are so similar to those produced by a corresponding pneumo- 
thorax that the diagnosis by physical examination or by X-ray is very 
difficult. The differential diagnosis is discussed in our monograph. 

In early tuberculosis and in slowly progressing, moderately advanced 
tuberculosis, the majority of the conditions which are diagnosed as 
“superficial dry cavities” are not really cavities, but small pneumo- 
thoraces in which the physical signs are unusually striking. It should 
be remembered that a small pneumothorax often adjoins or is fused with 
a cavity of appreciable size, and the physical signs may be due in 
part to one and in part to the other. We have found that the Wintrich 
change usually (but not always) indicates a cavity which may or may 
not be overlain by a small pneumothorax. The cracked pot sound 
seems to be more often produced by a cavity and pneumothorax, or 
by two cavities which communicate, then by a single cavity alone. On 
auscultation, the changes in the whispered signs are those which are 
most particularly characteristic of small pneumothorax. Whispered 
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pectriloquy, especially if of high pitch or with an amphoric quality, is 
much more characteristic of small pneumothorax than it is of cavity. 
Whispered pectoriloquy which has two different: pitches at different 
points on the chest is usually due to a cavity which communicates 
with a small pneumothorax. An extension of the tracheal quality of 
whisper beyond normal limits is usually due to a pneumothorax of the 
central group. On the contrary, spoken pectoriloquy and broncho- 
phony are usually well marked over cavities, but not over small pneumo- 
thoraces, unless there is free communication with a bronchus. 

In the region adjoining a small pneumothorax, ringing or altered 
bronchophony or even egophony may be produced, whether fluid be 
present or not. The breath sounds are increased and often given an 
amphoric quality in recent pneumothoraces which communicate with 
or are in contact with a bronchus; if in contact with the trachea, the 
tracheal quality is accentuated. An entirely superficial pneumothorax 
causes diminished breath sounds, and the formation of pleural exudate 
causes a diminution of the intensity of all auscultatory phenomena in 
course of time. Friction sounds cannot of course be produced in a 
pneumothorax but, over the surrounding adhesions, slight friction 
sounds of various sorts are frequently heard. 

Equally striking are the changes in physical signs produced by the 
collapse of the lung tissue in the immediate neighborhood of the 
pneumothorax. These on a small scale are similar to those produced by 
a complete pneumothorax. The most striking changes are those pro- 
duced in the rales. If the active process is confined entirely to the 
region affected by the pneumothorax, the rales may be entirely suppressed. 
Otherwise they are reduced in number and constancy and their quality 
is altered. They usually give less of an impression of moisture, and 
the time of their appearance in the respiratory cycle varies irregularly. 
We have found a consonating quality added to the rales more frequently 
by pneumothorax than by a cavity. We usually allude to the altered 
rales heard in the neighborhood of localized pneumothorax as parily 
suppressed rales or collapse rales. ‘They include some, but by no means 
all, of the rales which are variously described as dry, sticky, viscid, 
atypical, abortive, peculiar, etc. The changes in physical signs in 
this collapsed area are those usually associated with consolidated tissue. 
The breathing is more or less bronchial and may be diminished. The 
voice sounds are increased as a rule, and are often altered in quality: 
they may be ringing, may have an amphoric quality, and in some cases 
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a true egophony may be heard. Posttussive puff and posttussive suc- 
tion frequently occur over pneumothorax communicating with a cavity. 

The diagnosis by physical signs must therefore depend upon an inter- 
pretation of arrangements and groupings of physical signs which cannot 
otherwise be fully explained. These are discussed in detail in our 
larger report. The diagnosis of mediastinal and interlobar small 
pneumothorax is frequently possible by physical signs, but the dis- 
cussion would be too long to be given here, as it involves certain dis- 
tinctions which are usually disregarded, and assigns ‘an entirely new 
significance to at least one of the well known physical signs (d’Espine’s 
sign). 

The symptoms of onset are often so slight that the patient does not 
notice them. When present, they are similar to those of large pneumo- 
thorax; sudden sharp pains in the chest, slight sudden dyspnea, some- 
times blood spitting, or occasionally a hemhorrage, nausea, faintness, 
palpitation, etc. The clinical symptoms resulting from its presence 
include pain in the chest, particularly substernal pains, disturbances 
of blood pressure and pulse rate when the region of the great vessels 
or pericardium is affected by the process, slight dyspnea, and the whole 
train of reflex symptoms which follow irritations of the pleura. These 
include dilatation of the pupil, trophic disturbances as of muscles, 
radiating pains, alterations of the voice and, if the diaphragmatic 
pleura be involved, reflex disturbances of the abdominal walls and viscera. 

The immediate effect of a localized pneumothorax depends entirely 
upon the proportion of the diseased tissue which is collapsed after the 
formation of the pneumothorax. In very early tuberculosis, it is much 
more likely that the entire involved region may be more or less collapsed 
by the pneumothorax. In such cases there may be a complete sup- 
pression of rales, and the effective reduction of the absorption of poi- 
sonous products from the tuberculous focus may be such that the 
clinical symptoms of the disease almost entirely disappear, and as a 
result the patient will show neither the physical signs nor the clinical 
symptoms of tuberculosis. Such a patient is in a condition somewhat 
similar to one under treatment by artificial pneumothorax. The case 
may seem to be apparently arrested, when in reality the lesion is not 
healed, but is merely collapsed. This collapse of the tissue favors the 
development of fibrosis and if the patient remains under treatment 
will very considerably hasten his cure; but if both the patient and the 
physician are deceived by the absence of physical signs and clinical 
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symptoms, and the patient returns prematurely to the stresses and 
strains of ordinary life, there will be great danger of reactivation and 
relapse. 

In advanced tuberculosis, the amount of tissue collapsed is likely 
to be so small a part of that involved in the active process that it makes 
but little difference in the general condition of the patient. In such 
cases the occurrence of the pneumothorax is likely to be signalized 
by chill and fever followed by several days of elevated temperature, and 
then a brief period of apparent improvement. In some of these cases, 
the pneumothorax is intermittent, alternately closing and opening. 

The problem of diagnosis is not to determine whether there is a 
localized pneumothorax or not; if the patient has tuberculosis, it is 
most probable that the pleural surfaces enclose one or more small 
air pockets. The problem is to determine whether the collapse per- 
mitted by the air pockets which are present is sufficient in amount and 
of such location with reference to the tuberculous infiltration that it 
can materially modify the physical signs and clinical symptoms and 
course, and consequently the method of handling the case. 

In the beginning of the study, both the clinician and the roent- 
genologist will recognize only the more obvious pneumothoraces, and 
neither one can advance rapidly in their study if unaided. With such 
mutual aid, the constant agreement of physical signs and X-ray 
appearances leads to finer and finer diagnosis, until after several months 
both the clinician and the roentgenologist will easily detect the greater 
number of those which are present. 

In two years’ work with several thousand patients we have found that 
these small pneumothoraces occur only in tuberculosis. But tubercu- 
losis in this sense is by no means always manifest tuberculosis. Tubercu- 
losis at the hilum, or near the interlobar septa, if at all active, usually 
reaches the pleura at some point, whereupon it almost invariably pro- 
duces a deepseated localized pneumothorax. The presence of a 
localized pneumothorax, therefore, indicates an active tuberculous 
process, which may be anything from an active central infection, such 
asis ordinarily referred to as “latent tuberculosis,” ‘‘ hilum tuberculosis,” 
a “‘pretuberculous stage,” etc., up to and including far advanced and 
terminal phthisis. In general, then, a patient should not be told that 
he has tuberculosis (meaning manifest tuberculous disease) merely be- 
cause a localized pneumothorax is detected upon physical examination 
or upon the X-ray plate. On the other hand, if a localized pneumo- 
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thorax is found, the examiner may be entirely certain that there is an 
active tuberculous process present, that if the patient has had a manifest 
phthisis, he is still in danger of relapse, and that if the disease has not as 
yet reached the manifest stage, the patient’s life should be so ordered 
as to prevent the development of consumption. We by no means 
imply that every case of tuberculous infection which shows a deep- 
seated small pneumothorax will develop a manifest tuberculosis 
unless he is placed under treatment, but we have found no case either 
in children or adults which presented a small pneumothorax and which 
did not at the same time show unmistakable signs of illness and consti- 
tutional impairment, often slight and of limited duration. 

While no doubt many, probably the majority, of such cases will 
recover without treatment, the percentage which ultimately develop 
a progressive pulmonary tuberculosis will certainly be considerably 
larger among such cases than among those which present only the 
entirely inactive and nonprogressive infection which is evident only 
at autopsy. 

We have carefully studied those of our patients who have been dis- 
charged from this or other hospitals as quiescent or apparently arrested, 
or who have felt so well that they have refused to remain longer under 
treatment, and who at later periods have returned to us with reactiva- 
tion or relapse. We find that of these patients 82 per cent have had 
localized pneumothoraces of such situation and extent that they cause 
partial or complete collapse of all parts of the lung showing any con- 
siderable tuberculous infiltration. It seems likely, therefore, that a 
thorough understanding of the effects of small pneumothorax will enable 
us to determine certain of the cases which are liable to relapse and which 
need to remain longer under treatment or observation. 

While patients are still under treatment those who have a partially 
effective collapse from localized pneumothorax will show less moisture 
and fewer clinical symptoms than will patients with the same amount of 
involvement but not receiving the benefits of small pneumothoraces 
which are favorably situated with reference to the lesions. This group 
of patients can easily be separated by physical examination and by the 
study of the X-ray plate, and should receive a somewhat more rigid 
treatment than would seem to be indicated by the examination and by 
the clinical chart. 

The size and position of the small pneumothoraces which may be 
present sometimes have an important bearing upon both the selection of 
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cases for treatment by artificial pneumothorax and the administration 
of the general and special treatment. 

The practical importance of a thorough understanding of the diagnosis 
and effect of small pneumothorax is therefore sufficient to justify the 
months of attention and study which must be given toward it by the 
clinician and roentgenologist in collaboration, before proficiency and 
certainty in diagnosis can be obtained. Numerous special applications 
of importance are given in our monograph. The more obvious and 
general ones are as follows: 

1. The explanation of the absence of signs of moisture in cases which 
otherwise seem to have an active tuberculous lesion. 

2. An explanation which enables the physician to understand certain 
of the vagaries in the course of tuberculosis which are otherwise 
inexplicable. 

3. The determination of a certain number of the cases which need 
more careful supervision than the same amount of clinical activity would 
ordinarily indicate. 

4, The determination in advance of a certain proportion of the quies- 
cent and apparently arrested cases which are particularly liable to relapse. 

5. Assistance in the selection and in the treatment of certain of the 
cases which may be considered for treatment by artificial pneumo- 
thorax. 

6. The division of the cases usually diagnosed neurasthenia, debility, 
autointoxication, etc.; in other words, cases of ill defined general illness 
into two classes, in one of which a tuberculous infection of slight extent 
or central location plays some part, and in the other of which there is 
probably no active tuberculous element‘ whatever. 


: 


THE EFFECT OF ARTIFICIAL PNEUMOTHORAX ON THE 
COLLATERAL LUNG 


SALING SIMON 
National Jewish Hospital for Consumptives, Denver, Colorado 


Artificial pneumothorax has attained a high place as a therapeutic 
procedure in pulmonary tuberculosis, and has gradually but consistently 
gained in general favor since its inception about four decades ago. First 
used by only a few, and in hopeless and advanced cases, the procedure 
is now more widely employed in selected cases in all stages of the disease. 
The advent of the roentgen ray and its application to chest diagnosis, 
and in the administration of artificial pneumothorax have helped to 
elucidate many otherwise vague findings and results. In former days 
it was an axiom that pneumothorax should not be performed unless 
the collateral lung was uninvolved. Practical experience, however, 
soon showed the fallacy of this idea and the impossibility of finding the 
clear cut unilateral case. It is difficult to estimate the number of cases 
of pulmonary tuberculosis in which collapse therapy has materially 
harmed or made the disease progress on the treated side: the percentage 
varies with the individual experience, but the general consensus of opinion 
is that most cases are benefited. It is even more difficult to determine 
the percentage of cases in which the collateral uncollapsed lung has 
been detrimentally affected by the treatment. 

Schill (1), in an excellent recent communication, has aptly divided 
the opinions of the various observers on the latter phase of this subject 
and classifies them into three groups. So far as he was able to observe, 
however, no direct studies on this subject had been made. In the first 
group was included those observers who believed that the pneumothorax 
exerted a harmful effect upon the collateral lung: the actual cases 
however, included only a small percentage of the cases treated (12 to 
15 per cent). In the second group was included those who believed that 
the pneumothorax exerted a beneficial effect upon the collateral lung; 
the cases reported in this group were also not numerous. In the third 
group was included those who believed that the pneumothorax had 
very little effect, if any, upon the collateral lung: this was by far the 
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more prevalent opinion. In concluding, Schill notes that in those 
cases, which were definitely reported as harmed on the collateral side, 
the period of observation was extremely short; and that the cases were 
of the acute pneumonic and malignant types, considered unsuitable 
for any treatment, and therefore worthless in so far as they indicated 
any accurate estimate of the treatment. In suitable cases, and where 
the observations were extended, artificial pneumothorax could exert 
a beneficial effect upon the collateral lung. He strongly recommends 
a prolonged period of observation before drawing conclusions. 

In a purely anatomical study of the human chest in health and disease, 
Nitsch (2) describes two thin and flexible spots in the mediastinum which 
are especially prone to transmit an effect on the collateral lung, following 
artificial pneumothorax. The one lies anteriorly, directly behind the 
sternum, at the site of the atrophied thymus gland, and is variable in 
size. The other lies posteriorly in the vicinity of the large vessels, 
bounded by the spinal column and aorta behind, and the esophagus 
and heart anteriorly. 

In order to determine the value of accurate manometric readings in 
artificial pneumothorax, Muralt (3) elaborately studied the effects of 
various conditions in the treated side of the chest upon the manometer. 
He found that, although pressure readings were susceptible to a great 
many individual influences, on the whole the findings were fairly constant 
and could be profitably analyzed as regards the position of the needle, 
the condition of the pleural space, the condition of the mediastinum, the 
amount of gas resorbed and that necessary to maintain compression, the 
early diagnosis of an exudate, and the presence of a perforation of the 
lung or a valvular pneumothorax. He pointed out that it is necessary to 
make all comparative manometric readings in the same relative position, 
since there is a distinct difference in pressure in the different interspaces, 
both anteriorly and posteriorly. The observations to be reported in 
this paper concern mainly a clinical and roentgenological study of a 
number of cases of pulmonary tuberculosis, in which special attention 
was paid to the effect of artificial pneumothorax on the collateral lung. 
In order to gain an insight into the effect of artificial pneumothorax 
upon the collateral lung from a physiological standpoint, manometric 
readings of both pleural cavities were made in man and goats. 


622 SALING SIMON 


THE EFFECT OF PNEUMOTHORAX UPON THE MANOMETRIC READING IN 
THE COLLATERAL PLEURAL SPACE 


In order to determine the difference between the manometric readings 
at different intercostal levels a normal goat was used and intrapleural 
manometer readings were made on both sides of the chest consecutively. 
During the entire period of experiment the goat was kept under a uniform, 
medium ether anesthesia. Readings were made at the first, third and 
fifth interspaces on both sides, about midway between the sternum and 
spinal column before and after the introduction of air into the right 
pleural cavity. The results of the manometric readings are given 


in table 1. 
TABLE 1 


Bilateral pleural manometric readings in goat before and after right sided artificial pneumothorax* 


WATER MANOMETER READINGS IN CENTIMETRES IN 


AMOUNT OF AIR INJECTED INTO THE PLEURAL INTERSPACE 
RIGHT PLEURAL CAVITY CAVITY 
First Third Fifth 
Right | +0.0 —1.5| +4+0.0 —4.0} +0.0 —3.0 
Left +0.0 —1.5} —1.0 —4.0} 40.0 —3.0 


Right | +4.0 —2.0] +0.5 -1.5|]+4.0 —3.0 


t .on right side....... 
Left | +2.0 —2.5| +3.0 —3.0] +4.0 —2.0 


10 minutes after an additional Right | +4.5 -—2.0] +4.0 -—1.0} +4.0 —3.0 
Left +4.0 -3.0} +5.0 +5.0 —3.0 


* This experiment was duplicated in another goat with about the same general results. 


An analysis of these readings, allowing for some irregularities in the 
breathing of the animal and other uncontrollable factors connected with 
experiments of this character on animals, indicates that the intrapleural 
manometric readings on the collateral side closely parallel those on the 
treated side before and after the production of artificial pneumothorax. 

Our study of the intrapleural pressure in man was limited to three 
cases, two that had previously had an artificial pneumothorax and one 
that was initially treated. The technique employed was identical 
to that used in the goat, care being taken to make all readings as nearly 
comparable as possible and to introduce the needle at about the same 
level and in the same interspace on both sides. The readings were 
made with a water manometer which was connected to the two needles 
through a two-way cock, so that the pressures on the two sides could 
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be read consecutively and within a short time of each other. The 
needles used were also of large calibre (16 gauge in man and 14 gauge 
in the goat)-and the same for both sides to allow easy access to the 
manometer. Three cases were studied with the results given in table 2. 


TABLE 2 


The effect of artificial pneumothorax upon the collateral lung as indicated by the intrapleural 
pressure 


AMOUNT| WATER MANOMETER READING 
OF AIR IN CENTIMETRES 
SIDE OF 


CASE) pNEUMOTHORAX 


DUCED NOTES ON THE CASES 


Right pleural Left pleural 
space* space 


1 | Right (had (| 000 |+0.0 —3.0/+0.5 —2.0] Male, 35 years. Pulmonary symp- 
12 previ- 100 |+0.0 —2.0/}+0.5 -—0.0) toms began 1} years ago with spit- 
ous fill- 300 |+0.5 —2.0/+0.5 -—0.0} ting of blood. General condition 
ings be- 500 |+0.5 —1.5/+0.5 good, slightly overweight. Physi- 
gun 3 600 |+1.0 —1.5/+0.5 cal examination reveals involve- 
months 650 |+1.0 —1.5;+0.5 -—0O.5} ment of the right apex. Right 
before) | pneumothorax begun 3 months 


before study. Sputum negative. 
Ambulant case. 


2 | Left (had 000 |+0.0 —1.0\+1.5 -—0O.5| Male 34 years. Hospital case. 


15 previ- 100 |+0.5 —0.5)+2.0 +0.5) Cavity in upper left lobe, active 
ous fill- 150 |+1.0 —0.5/+2.0 +0.0| advanced case, tubercle bacilli 
ings be- 200 |+1.0 —0.5}+2.5 +0.5) positive. Ambulant case at time 
gun 33 of test. Left pneumothorax be- 
months gun 5 months before study. 
before) 
00 |-1.0 —3.0/—1.0 —3.0} Female, 24 years. Sanatorium case. 
3 | Left (ini- 50 |-—0.0 —2.0/—0.0 —2.5] Slight involvement of both apices 
tial fill- 100 |-—0.0 —2.0)+0.5 withperibronchial thickening. Tu- 
ing) 200 |-0.0 —2.0/+1.0  bercle bacilli negative. Initial left 
250 |+0.5 —1.0}+1.0 -—1.0) pneumothorax begun with this 
study. 


* During the making of manometer readings postural changes were carefully avoided, since 
it was found that these would materially affect the readings. 


An examination of this table reveals that an artificial pneumothorax 
on one side of the chest affects the intrapleural pressure on the opposite 
side and this effect is probably transmitted to the corresponding (col- 
lateral) lung. 


TOTAL 
BEFORE 
READING 

WAS 
MADE 
cc. 
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THE EFFECT OF PNEUMOTHORAX UPON TUBERCULOSIS IN THE RABBIT’S 
LUNG AFTER THE INTRAVENOUS INJECTION OF TUBERCLE BACILLI 


In previous investigations reported from the Research Department 
of the National Jewish Hospital for Consumptives (4), it had been 
found that one-sided artificial pneumothorax or compression of one 
of the lungs of the rabbit by means of fluid, artificial hydrothorax, has 
no visible macroscopic influence upon the number or type of the tuber- 
culous lesions resulting from the intravenous injection of virulent human 
tubercle bacilli, regardless of whether the compression was occasioned 
on the right or left side, or whether it was occasioned a day before or 
a day after the intravenous injection of the tubercle bacilli. No differ- 
ence was noted between the number or type of the tuberculous lesions 
in animals with one lung compressed as compared with normal animals, 
not compressed, although the difference between the different animals 
of the same series receiving the same intravenous injections of tubercle 
bacilli was greater than the differences found between the two lungs 
of the same animal. Prolonged artificial pneumothorax (5) in rabbits, 
sufficient to induce a good collapse of the right lung, initiated shortly 
after the intravenous injection of a suspension of virulent human tubercle 
bacilli, and maintained for a petiod of a month by means of the intra- 
pleural injection of air every second or third day throughout the experi- 
mental period, also had no appreciable effect upon the size or number 
of macroscopic tubercles found in the lungs of the treated animals as 
compared to the untreated, or in the compressed right lung as compared 
to the uncollapsed left lung. These experiments were conclusive as 
far as they went; but it seemed desirable to study the effect of the pneu- 
mothorax upon a more advanced tuberculosis in elaboration of the above 
studies. For this purpose a series of 12 mature and healthy rabbits 
was given intravenous iujection of a uniform suspension of virulent 
human tubercle bacilli, and after one month when the tuberculosis had 
well developed an artificial pneumothorax was instituted on the right 
side and maintained by intrapleural air injections at two or three day 
intervals for another three weeks, after which there remained 4 control 
rabbits untreated and 3 pneumothorax rabbits. Briefly stated, the 
results obtained did not differ from those obtained in the experiments 
previously reported. Prolonged artificial pneumothorax in rabbits, suf- 
ficient to induce a good collapse of the right lung, initiated one month 
after the intravenous injection of a suspension of virulent human 
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tubercle bacilli and maintained for a period of three weeks by means of 
the intrapleural injection of air every second or third day, had no appre- 
ciable effect upon the size or number of macroscopic tubercles found 
in the lungs of the treated animals as compared to the untreated, or 
in the compressed right lung as compared to the uncollapsed left lung. 


THE EFFECT OF ARTIFICIAL PNEUMOTHORAX UPON THE CHEST ROENTGEN 
RAY FINDINGS 


The animal experiments cited above would indicate that in so far 
as the macroscopic tuberculosis of the lungs is concerned, artificial 
pneumothorax treatment exerted no appreciable influence upon the 
disease in the two lungs, at least within a short period of time. In spite 
of this, X-ray chest pictures taken in men treated with artificial pneu- 
mothorax would indicate early and rapid changes occurring in the 
collateral lung. Unfortunately X-ray chest studies in animals are beset 
with many difficulties, so that this source is not available for a solution 
of this problem. It was for this reason that a series of chest plates 
of patients was carefully studied in the hope of elucidating the apparent 
inconsistency between these results. The cases, of which seven are 
presented, are given in three classes and in the following order: two in 
which the roentgenograph shows no appreciable or only a slight change; 
three in which the roentgenograph reveals apparent definitely increased 
pathological changes; and two in which the roentgenograph reveals 
apparent definitely diminished pathological changes in the collateral 
lung. A brief clinical record of the seven cases follows: 


Case 1. No appreciable change in the roentgenographs of the collateral 
lung, taken before and six days after a partial artificial pneumothorax on 
the left side. Female, age forty-five years, housewife, entered the National 
Jewish Hospital for Consumptives with slight fever, night sweats, hemoptysis, 
chills and loss of weight. Upon admission, examination of the left lung re- 
vealed numerous moist rales throughout, after expiratory cough. Resonance . 
was impaired, a friction rub was heard and vocal fremitus was increased. 
Dry rales were found at the apex of the right lung, with increased vocal fre- 
mitus and the rest of this lung was normal. Artificial pneumothorax was 
performed on the left side, November 4, 1920; and six days later, after two 
administrations of gas, a roentgenograph was taken which revealed partial 
compression of the left lung; but, in comparing the roentgenograph of the 
right lung before and six days after establishing the left artificial pneumothorax, 
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there does not seem to be any appreciable difference between the density 
of the mottling at the end of this time. (See figures 1 and 2.) 

Case 2. A slight increase in tissue density in the roentgenograph taken 
three months after a good left sided artificial pneumothorax in comparison 
to that found in the collateral or right lung before pneumothorax. Male, 
age thirty-four years, cigar dealer, entered the hospital, July 13, 1920, 
with fever, hemoptysis, weakness, cough, expectoration, pain in the chest 
and night sweats. Physical examination revealed impaired resonance over 
both lungs with moist rales after expiratory cough, vocal fremitus increased 
over both apices and bronchial breathing. The upper left lobe contained a 
cavity. The sputum contained tubercle bacilli. Artificial pneumothorax 
was performed on the left side, November 4, 1920, and maintained until 
discharge, May 7, 1921, when the patient was recorded as greatly improved. 
In comparing the roentgenographs taken before and three months after the 
initiation of artificial pneumothorax, the right or collateral lung seems to 
reveal a slight increase in density at the end of this time while the collapse 
attained was good. (See figures 3 and 4.) 

Case 3. A definite increase in the tissue changes in the roentgenograph 
taken five months after a good left sided artificial pneumothorax in compari- 
son to that found in the right (collateral) lung before pneumothorax. A 
male, age thirty-seven years, a clerk, admitted to the National Jewish Hos- 
pital for Consumptives, February 15, 1919, with cough, expectoration, fever 
and night sweats. Physical examination revealed extensive involvement 
of both lungs, with bronchovesicular breathing, impaired resonance and rales 
over the entire chest wall anteriorly and posteriorly. A large cavity was found 
in the left infraclavicular region. The sputum contained tubercle bacilli. 
Artificial pneumothorax was performed on the left side August 26, 1919, and 
on January 9, 1920, fluid was noticed on this side, which persisted for several 
months and then disappeared. The patient was discharged June 14, 1920, 
improved. A comparison of the roentgenographs, taken before and five 
months after the initiation of artificial pneumothorax, revealed the right or 
collateral lung to be definitely more involved (increased tissue density) at 
the end of this time. The collapse attained was good. (See figures 5 and 6.) 

Case 4. A definite increase in the tissue density in the roentgenograph of 
the left (or collateral) lung taken nine days after a marked right sided artifi- 
cial pneumothorax as compared to that found before this treatment. A male, 
age thirty years, a clerk, was admitted to the hospital, May 15, 1918, with 
cough of two years duration, night sweats, fever, dyspnoea on exertion, and 
hemoptysis. Physical examination revealed involvement of the right lung 
anteriorly above the first rib and posteriorly from the sixth dorsal spine up, with 
moist rales and bronchovesicular breathing. The sputum contained tubercle 
bacilli. The X-ray report indicated far advanced pulmonary tuberculosis of the 
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right lung, adhesions to the right diaphragm, the heart displaced to the right, and 
multiple cavity formation on the right side with scattered consolidated areas. 
In the left lung there was fibrosis in the lower lobe and areas of scattered 
consolidation. Artificial pneumothorax was performed on the right side, 
December 2, 1918. The patient was discharged greatly improved November 
6, 1919. A comparison of the roentgenographs taken before and nine days 
after the initiation of artificial pneumothorax revealed the left or collateral 
lung to be definitely more involved (increase in tissue densities) at the end of 
this time. The collapse attained was marked for the time interval. (See 
figures 7 and 8.) 

Case 5. A definite increase in the lung density in the roentgenograph of 
the right collateral lung, taken one month after a good left sided artificial 
pneumothorax as compared to that found before this treatment. A male, age 
nineteen years, a drug clerk, entered the hospital with hemoptysis, fever 
and cough on November 20, 1917. Physical examination revealed impaired 
resonance and bronchial breathing over the left apex, and numerous fine 
rales over the left apex and from the fourth rib up anteriorly and the third 
dorsal spine up posteriorly on the left side. There was impaired resonance 
over the right apex, with bronchovesicular breathing and a few rales. Tubercle 
bacilli were found in the sputum. The X-rayreport indicated a diffuse mottled 
involvement of both lungs. Artificial pneumothorax was performed on the 
left side, January 29, 1918. A comparison of the roentgenograph taken 
before and one month after the initiation of artificial pneumothorax revealed 
the right or collateral lung to be definitely more involved (increase in lung 
density) at the end of this time. The collapse attained was good. (See 
figures 9 and 10). 

Case 6. A diminution in the lung density in the roentgenograph of the 
right collateral lung, taken nine months after a good left sided artificial pneu- 
mothorax as compared to that found before treatment. A male, age twenty- 
seven years, a clerk, was readmitted to the hospital October 25, 1919. At 
this time there was dulness over both apices, and the resonance was impaired 
anteriorly, bilaterally from the third rib up. A few dry rales were heard 
at the right apex and all over the entire left side anteriorly and posteriorly. 
The breath sounds were bronchovesicular over the right apex, bronchial 
over the left apex, and bronchovesicular over the entire left side. Fluoro- 
scopy revealed a small cavity in the left upper lobe at the level of the first 
interspace. The sputum contained tubercle bacilli. Artificial pneumothorax 
was performed on the left side February 19, 1920, when a good collapse was 
attained. The patient was discharged very much improved and able to work, 
March 30, 1921. A comparison of the roentgenographs taken before and 
nine months after the initiation of artificial pneumothorax revealed the right 
or collateral lung to be less involved (decrease in lung density) at the end 
of this time. The collapse at this time was fair. (See figures 11 and 12.) 
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Case 7. A definite diminution in the lung findings in the roentgenograph 
of the right collateral lung, eleven months after a marked left sided artificial 
pneumothorax as compared to that found before treatment. A male, age 
thirty-two years, a tailor, entered the hospital, December 31, 1918, with 
cough and hemoptysis. Physical examination revealed impaired resonance 
over the entire left lung, vocal fremitus being increased in the left upper lobe, 
and moist rales were heard after expiratory cough over the entire left lung. 
In the right lung there were a few scattered rales, with some impairment of 
resonance in the upper lobe. The sputum contained tubercle bacilli. Artificial 
pneumothorax was perfomed on the left side May 26, 1919., The patient was 
discharged May 26, 1921, improved. A comparison of the roentgenographs, 
taken before and eleven months after the initiation of artificial pneumothorax, 


TABLE 3 


Summary and classification of the clinical cases of artificial pneumothorax according to the X-ray 
jindings in the collateral lung 


INTERVAL 
BETWEEN THE 
nine eet Jee EFFECT OF ARTIFICIAL PNEUMOTHORAX UPON THE 
ROENTGENOGRAPH OF THE COLLATERAL LUNG 
LAST ROENTGEN- 
OGRAPH 


1 6 days Not appreciable 

2 3 months ++ . Slightly increased lung density 

3 5 months ++ Definitely increased lung density 
4 9 days +++ Definitely increased lung density 
5 1 month +4- Definitely increased lung density 
6 9 months +t Diminished lung density 

7 11 months +H+ Definitely diminished lung density 


* The grade of collapse obtained is graded arbitrarily, but approximately from — = no 
collapse to +++, a complete and maximum clinical collapse of the treated lung. 


revealed the right or collateral lung to be definitely less involved (a decrease 
in the lung density) at the end of this time. The collapse at this time was 
good, there also being fluid in the left pleural cavity. (See figures 13 and 14.) 


Although there are certain apparent difficulties in comparing diff- 
erent roentgenographs even from the same individual, it seems that 
this study has brought out a number of definite points which can best 
be seen by tabulating the above cases as is done in table 3. ° 


SUMMARY 


A study of the tabulation of the seven cases of artificial pneumothorax 
in man reported above seems to bring out several important points: 
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1. That the pulmonary roentgenographic findings in the collateral 
lung after artificial pneumothorax in cases of pulmonary tuberculosis 
may be definitely increased and in so short a time, within nine days, 
after this treatment, that they would not appear to be due to actual 
pathological changes. 

2. That these increased roentgenographic findings in the collateral 
lung, occurring shortly after the initiation of artificial pneumothorax, 
are probably due to the intensification of the already existing path- 
ological changes. 

3. That the preliminary roentgenographic changes seen in the col- 
lateral lung are in some way dependent upon the pressure from the 
treated side exerted against the mediastinum. 

4. That after prolonged treatment with artificial pneumothorax 
a diminution of roentgengraphic findings may occur in the collateral 
lung which would indicate a decreased pathological change in the lungs 
of these cases. 

5. That bilateral tuberculous involvement alone does not necessarily 
contraindicate the use of artificial pneumothorax. 


I wish to acknowledge my appreciation of the material assistance received from Drs. H. J. 
Corper, O. B. Rensch and H. Gauss during the preparation of this paper. 
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THE EFFECT OF NITROUS OXIDE, NATURAL GAS AND 
FORMALDEHYDE ON EXPERIMENTAL 
TUBERCULOSIS 


JONATHAN B. ROGERS 


From the Percy Shields Memorial Research Laboratory, Cincinnati Tuberculosis Sanatorium 
and the Department of Bacteriology, University of Cincinnati 


The primary purpose of this investigation to determine the effect of 
repeated nitrous oxide anesthesia on tuberculous guinea pigs proceeded 
from the hope that some information might be gained which would aid in 
the search for a suitable anesthetic for tuberculous patients requiring 
surgical anesthesia. In connection with this, I made an attempt to 
demonstrate, if possible, the deleterious influence of constant irritation 
of the respiratory passages with formaldehyde or of the general lowering 
of the vitality of infected animals by repeated applications of natural 
gas. 

Tuberculosis, as naturally found in man, is in many respects different 
from the artificially produced tuberculosis of the guinea pig. In the 
former, we usually find a prolonged course with constant attempts 
toward fibrosis and healing, remission of symptoms and activity, and 
relapses of varying intensity, which are greatly influenced by external 
factors, such as exercise, living conditions, pregnancy, intercurrent 
disease, nutrition and other environmental agents. In the guinea pig 
experimental infections usually pursue a progressive course, uninfluenced 
by external factors and, because of this fact,exact comparisons cannot be 
drawn. However, the guinea pig is usually chosen for experimental 
investigations on account of its availability and its susceptibility to 
tuberculous infection. 

From the general observations of many clinicians (1) we well know the 
detrimental influence of ether anesthesia on patients with pulmonary 
tuberculosis, while the investigations of Corper (2) Brown and Petroff 
(3) and Rogers (4) indicate that the lesions of tuberculous animals are 
uninfluenced by ether anesthesia. Doubtless the explanation of the 
different effects of ether in the two conditions is that in man the irritating 
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properties of ether on the respiratory mucous membrane cause, first, 
labored respiration and, second, an increase of the secretions, thus diluting 
the germ laden sputum and facilitating an aspiration of the infectious 
material into unaffected areas of the lung, where it may produce new 
foci of infection. In the guinea pig, lung tubercle is more of the pneu- 
monic or solitary form and positive sputum is apparently absent. 

In an effort to determine the influence of the aforesaid gases on tuber- 
culous animals, the following experiments were conducted: Guinea 
pigs were wrapped in thick cloths, in such way as to leave only the an- 
terior nares exposed, and then placed in a box suitably prepared to protect 
the operatorfrom the infectious particles. The animals were thensprayed 
with a no.15 De Vilbiss atomizer which contained a suspension of fresh, 
bacilli-positive, tuberculous sputum in water. After keeping the ani- 
mals in the atmosphere of finely divided sputum for a period of one to 
three minutes, they were unwrapped and given a 1 to 5000 bichloride 
of mercury bath. In a previous communication it has been shown that 
animals can be infected in this way with marked regularity (5), tubercles 
becoming visible in the lungs on the seventh or ninth day, while in the 
liver and spleen they appear on the eighteenth. Objections naturally 
arise in regard to this method of infection, since the dose cannot be 
accurately gauged, and it is also difficult to devise a scheme by which the 
operator can be entirely protected. By this method, however, the 
earliest and most marked lesions are produced in the lungs, and the 
inhaled material will come in direct contact with the developing tuber- 
cles: also, by the use of sputum, the other microérganisms which might 
influence the pathological changes are present. 


Experiment 1. July 29,1920: 26 adult guinea pigs were infected by 
spraying and divided into two groups of 13 each. Twenty-four hours 
after spraying, those in group 1 were put in a closed box with a glass 
top, through which the animals could be observed and given nitrous 
oxide through a connecting tube until anesthesia was obtained. When 
respiration became embarrassed, oxygen was given in sufficient quantity 
to restore normal respiration. They were kept under complete anes- 
thesia for fifteen minutes each day for nine successive days without 
any fatal results due to the gas: 3, however, died from epidemic pneu- 
monia. The rest were killed and sectioned on August 29, 1920. The 
experiment resulted as follows: 
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Anesthetized group 


EMACIATION SPLEEN LYMPH NODES 


Moderate Negative 
Moderate ++ 
Moderate Negative 
Moderate +4+4++ 
Moderate Negative 
Marked Negative 
Moderate Negative 
Moderate ++++ 
Moderate ++4++ 
Moderate + 


CU 


Note: The lesions were scored from + to ++-+-+, + denoting minimum and ++++ 
maximum involvement. 


The animals in group 2 were used as controls and not anesthetized 
after infection. Five of them died from pneumonia before the disease 
developed, and of the remaining 8, 4 died later and were examined. 
The results in these 4 were as follows: 


DATE OF DEATH FINDINGS 


August 12, 1920 Generalized tuberculosis 
August 16, 1920 Generalized tuberculosis 
August 28, 1920 Generalized tuberculosis 
August 29, 1920 Generalized tuberculosis 


The remaining 4 were killed at the same time as those in the anes- 
thetized group and showed the following lesions: 


EMACIATION LUNGS LIVER SPLEEN LYMPH NODES 


Moderate ++4++ | +4+4++ 
Moderate 

Moderate ++ ++ 4-1. 


Experiment 2. August 17, 1920: Ten, adult male guinea pigs were 
infected as in experiment 1. They were then divided into two groups, 
one consisting of seven animals for anesthesia and the other of three 
for controls. On September 1, 1920 the nitrous oxide anesthesia was 
begun and repeated daily until September 16, when all animals in 
both groups were killed and examined. The results follow: 


++++ 
++ 
+++ 
++++ 
++++ 
+4+++ 
+++ 
++ 
+++ 
++ 
ANIMAL 
1 
2 
3 
4 
ANIMAL 
1 +++ 
++ 
3 ++++ 
++ 
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Nitrous oxide treated animals 


EMACIATION SPLEEN LYMPH NODES 


Moderate 
Moderate 
Marked 

Moderate 
Marked 

Moderate 
Moderate 


Control animals 


EMACIATION LUNGS SPLEEN LYMPH NODES 


Moderate +4+++ ++ + 
Moderate 


From the results of experiment 1, one might be led to the casual 
conclusion that the repeated inhalations of nitrous oxide and oxygen 
had favorably influenced the general health of the treated animals, 
since 10 of the anesthetized group survived at the end of thirty days, 
while only 4 of the controls remained. However, the fact must not be 
overlooked that the extent of the tuberculous involyement in an ani- 
mal must be used as the criterion instead of the duration of life (Krause 
(6), Corper (7); therefore, the results shown in the first and second tables 
demonstrate no distinct difference between the amount of tuberculosis 
in animals anesthetized with nitrous oxide twenty-four hours after infec- 
tion and continuing for nine successive days and that in the control 
animals. Likewise, after allowing the disease to develop for fourteen 
days without interference, and then administering repeated nitrous 
oxide anesthesia, no influence was to be noted, as shown in experiment Z. 


Experiment 3. To test the influence of natural gas and formaldehyde 
on developing tubercle, the following experiments were conducted: 
On August 17,1920, eleven guinea pigs were infected by spraying as 
in experiment 1, the animals having previously been divided into three 
groups. Group 1 consisted of 4 pigs which, immediately after spraying, 
were placed in a closed box equipped with a glass top through which the 
animals could be observed, and were then given enough natural gas 
through a connecting tube to produce asphyxiation. The gas was 
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ANIMAL 
1 ++4++ | ++++ | ++++ 
++++ | ++ 
4 ++++ | ++ +++ 
5 ++++ | +4+4++ | +4+4++ 
6 ++4++ | ++ 
7 | | ++4++ 
ANIMAL 
1 
i 2 
3 
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then turned off, the box opened, and the animals allowed to revive. 
This process was repeated daily for seventeen days. After this, the 
animals were caged and not subjected to gas for a period of twenty- 
three days, at the end of which time they were killed and the lesions 
noted as follows: 


LIVER 


SPLEEN 


LYMPH NODES 


Group 2 consisted of 3 guinea pigs. 


These were placed in a closed 


box containing a piece of cotton saturated with formaldehyde, and 
allowed to remain in the fumes until one of the group was overcome. 
They were then removed and given opportunity to revive in the fresh 
air. The first inhalation was given twenty-three hours before infec- 
tion and thereafter every day for fifteen days. They were killed 
and examined forty days after infection, with the following results: 


LUNGS 


LIVER 


SPLEEN 


LYMPH NODES 


Group 3 consisted of 4 guinea pigs which, after infection, were turned 
outside on the hospital grounds surrounding the laboratory. There 
they fed on the grass and were left unmolested until forty days after 
infection, when they were killed and autopsied along with groups 1 
and 2, and showed the following lesions: 


LUNGS LIVER LYMPH NODES 


++++: 


After carefully recording the lesions found in these three groups at 
necropsy and tabulating them from + to ++++, thus indicating the 
minimum to maximum involvement, respectively, no distinct differ- 


1 
2 - 
3 
+++ | Zi 
1 
3 
ANIMAL 
1 
3 
4 . 
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ence could be noted between the animals that receive daily inhalations 
of natural gas after infection for seventeen days and the control group; 
neither was there any marked variation to be observed in the groups 
that received daily inhalations of formaldehyde fumes, beginning twenty- 
four hours before infection and continuing daily for fifteen days thereafter. 


CONCLUSION 


Neither repeated nitrous oxide and oxygen anesthesia, nor formalde- 
hyde nor natural gas influence the development or progress of the tubercle 
in guinea pigs infected through the respiratory route with a watery 
solution of tubercle bacilli positive sputum. 


I desire to thank Dr. Wm. B. Wherry of the Department of Bacteriology, University 
of Cincinnati, for suggestions and constant interest in the work. 
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STUDIES WITH MORPHINE IN EXPERIMENTAL 
TUBERCULOSIS 


H. J. CORPER, H. GAUSS anp O. B. RENSCH 


Research Department, National Jewish Hos pital for Consumptives, Denver, Colorado 


The modern treatment of tuberculosis, based upon rest, food and fresh 
air, remains the essential rational therapeusis since Bodington in 1840 
emphasized these major points. However, some important adjuvants 
have been added, such as artificial pneumothorax, the orthopedic immo- 
bilization procedures and operative measures (for instance, Albee’s bone 
graft treatment of Pott’s disease), the postural treatment of pulmonary 
tuberculosis advocated by Webb and his colleagues, the recent chest belt 
advocated by Sewall and the sedative drugs, all measures to produce 
localized rest and thus limit the disease. So too could be added the 
important, though often neglected, nutritional discoveries, like the value 
of antiscorbutics and vitamines and the proper use of sun and artificial 
light treatment. The abuse of any of these or their misuse by unin- 
telligent hands may in all cases be disastrous. One would be radical to 
condemn these procedures because they have failed in the hands of the 
untrained who are unable to recognize the contraindications to their use. 

Opium and its derivatives is one of the most condemned drugs; how- 
ever, in proper hands it is one of the most valuable therapeutic agents 
that we have. Its alkaloids have been advocated on numerous occasions 
for use in pulmonary tuberculosis. As early as 1891 Dill (1) recom- 
mended the smoking of opium mixed with tobacco in pulmonary tuber- 
culosis; not as a cure for consumption, but as palliative and an aid to 
treatment; not as a substitute for the treatment which professional skill 
and experience have been led to adopt, but as a possible aid to it. Van 
Marter’s (2) experience with the modified opium smoking advocated by 
Dill led him to conclude “thatit seldom harms and often does much good.” 
Solomon Smith (3) stated, “It may be taken as a broad rule that in the 
treatment of phthisical cough, sedatives should not be mixed with cough 
mixtures to be taken frequently, but that when required they should 
be given in sufficient doses, not merely to mitigate, but for the time to 
cure cough, and so give a period of rest, and that before giving them all 
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proper measures should be taken to remove reflex causes of irritation.” 
Sakorrafos (4) believes as a result of his experience in using morphine on 
patients that this drug is a valuable medicament in tuberculosis. 
Gaussel (5) obtained good results with pantopon, a mixture of 50 per cent 
morphine and 40 per cent of the other alkaloids of opium, in tubercu- 
losis. 


Appreciating the sedative action of opium, acknowledging the impor- 
tance of rest in tuberculosis, and cognizant of the beneficial results 
reported by clinicians from the use of sedatives in pulmonary tubercu- 
losis, we undertook to study the effects of morphine upon experimental 
tuberculosis, to determine whether we could observe any improvement 
in the experimentally produced tuberculosis following its administration. 
Its direct action upon the tubercle bacillus was also observed. 


THE EFFECT OF MORPHINE UPON TUBERCLE BACILLI IN CULTURES 


The studies to be reported in this paper are entirely experimental, and 
concern the effect of morphine on the tubercle bacillus, the effect of the 
tubercle bacillus on morphine, and morphine’s effect upon experimental 
tuberculosis in the guinea pig. ~ Morphine, even in saturated solution, is 
not tuberculocidal for short intervals up to three days. To determine 
whether, however, morphine in soluble salt form as sulphate has an 
inhibitory influence upon the growth of tubercle bacilli the following 
experiments were performed: 

To a series of bacteriological test tubes containing 10 cc. of sterile 5 
per cent glycerol agar was added varying amounts of pure sterile mor- 
phine sulphate (Powers and Weightman), from 0.06 to 65 mgm. After 
mixing the constituents well, the glycerol agar containing the morphine 
was slanted and inoculated with cultures of human tubercle bacilli, an 
avirulent culture “Old Human” and a virulent culture ‘“ Pasternack.” 
These tubes were then incubated at 37.5° C. and examined after intervals 
of one, two, three and four months incubation and the growth recorded 
with the results given in table 1. 

An examination of table 1 reveals that morphine sulphate, in amounts 
as small as 1 mgm., incorporated in 10 cc. of glycerol agar, completely 
inhibits the growth of human tubercle bacilli during the first month of 
incubation; while during the second month growth occurs in the 4 mgm. 
concentration and during the third month and thereafter in the 16 mgm. 
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TABLE 1. 


The growth of human tubercle bacilli upon glycerol agar containing morphine sulphate 


peeve OF READINGS AFTER 
SULPHATE CULTURE OF TUBERCLE arg 
IN 10 cc. oF BACILLI INOCULATED 
GLYCEROL One month | Two months |Three months} Four months 


AGAR 


mg 


65.0 Old human 


“Pasternack” 


“Old human” 
**Pasternack”’ 


“Old human” 


3 
‘*Pasternack” 


2 
6 
8 “Old human” 
“Pasternack” 


“Old human” 


4.0 “Pasternack” 


“Old human” 
**Pasternack”’ 


1.0 


“Pasternack” 


“Old human” 


mM. 
5 
2 
1 
5 *Pasternack”’ 


2.0 


0 


“Old human” 


0.25 “Pasternack” 


“Old human” 


0.12 “Pasternack” 


“Old human” 


0.06 “Pasternack” 


“Old human” 
“Pasternack” 


“Old human” 
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concentration. Above 16 mgm. of morphine sulphate there seems to be 
a definitely complete inhibition of growth. The explanation of this 
step-like gradation of growth during the different months either savors of 
the tolerance to morphine noted in mammals, or else it would seem that 
the tubercle bacillus is capable of actually destroying this activity of 
morphine and its salts. In order to roughly determine whether morphine 
was still present chemically in the culture medium at the termination of 
the experiment after four months, approximate quantitative analyses for 
morphine were made of the contents of a number of the tubes. Within 
the accuracy of the quantitative method used in the experiments at the 
time, the major part of the morphine seemed still to be present in the 
medium. Approximately from 80 in the larger amounts (down to the 
16 mgm. concentration) to 60 per cent in the smaller amounts (down to 
the 2 mgm. concentration) was recovered. 

In order, however, to study this point in greater detail a quantitative 
colorimetric method was developed which has been reported elsewhere 
(6), giving a quantitative accuracy from 0.10 to 50.0 mgm. of morphine 
sulphate in colloidal mixtures and tissues and an extinction point approxi- 
mately down to 0.003 mgm. Using this method for the analyses and 
repeating the experiment given in table 1, but using in addition to the 
human tubercle bacilli a culture of bovine tubercle bacilli the results 
given in table 2 were obtained. 

A careful examination of the findings depicted in table 2 reveals again 
a step-like gradation of the growth of both the human and bovine tuber- 
cle bacilli upon the glycerol agar containing the morphine sulphate in 
amounts varying from 65 mgm. in 10 cc. of agar to as low as 0.12 mgm. 
The analysis of the agar containing the morphine sulphate for this alka- 
loid at the end of ten weeks reveals an almost quantitative recovery of 
the morphine, so that the evidence obtained in this experiment would not 
seem to indicate that the tolerance could be explained on the basis of a 
destruction of the morphine by the tubercle bacillus. 

In view of the fact that certain mammalian tissues 2 vitro were found 
in other studies capable of destroying the chemical entity of morphine to 
such an extent at least that its recovery by the ordinary methods of 
analyses was not possible, whether this change was due to oxidation or 
disintegrative changes was not determined (as indicated for beef liver in 
table 3) and made it seem highly desirable to determine whether tu- 
bercle bacilli 72 vitro could also destroy the chemical entity of morphine 


sulphate. 
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TABLE 2 


The effect of the growth of tubercle bacilli on the morphine content of the medium upon which 
they have grown 


RESULTS OF 
AMOUNT OF READINGS AFTER ANALYSIS 
MORPHINE FOR 
SULPHATE IN | CULTURE OF TUBERCLE 
MORPHINE 
10 cc. OF BACILLI 4 SULPHATE 
GLYCEROL Six Eight AFTER 10 
AGAR weeks weeks WEEKS 


mgm. 
62.7 
61.6 


*Pasternack” 
“Bovine” 


“Pasternack” 
“Bovine” 


“Pasternack” 
“Bovine” 


“Pasternack” 
“Bovine” 


“Pasternack” 
“Bovine” 


“Pasternack” 
“Bovine” 


“Pasternack” 
“Bovine” 


“Pasternack” 


“‘Pasternack”’ 
“Bovine” 


“Pasternack” 
“Bovine” 


“Pasternack” _ 


“Bovine” + ++ 


++ 
++ 
++ 
+++ 
++ 
“Bovine” ++++ 
++ 
++++ 
++ 
+++ 
+++ 
++4++ 


* Three tubes of each culture were inoculated and analyzed. 


| 647 
32.0 | = = 
8.0 + 7.6 
| ++ 7.8 
3.5 
3.7 
1.37 
1.0 + 0.56 
| 
0s { +++ trace 
++++-+] trace 
0.25 
++++| 0.0 
0.12 
+++4+] 0.0 
None { 


648 H. J. CORPER, H. GAUSS AND O. B. RENSCH 


THE EFFECT OF BEEF LIVER AND TUBERCLE BACILLI UPON MORPHINE 
SULPHATE IN VITRO 


The effect of beef liver upon morphine sulphate. Into each of eighteen 
small sterile flasks were placed 5 gm. of ground fresh beef liver and to this 
was added 5 cc. of sterile water. Nine of these flasks were heated for at 
least thirty minutes in a boiling water bath; and when cool, a solution 
of morphine sulphate containing 5 mgm. and 1 cc. of toluol was then 
added to all the flasks. After shaking well, one of the flasks containing 
the heated tissue and one containing the unheated tissué were analyzed 
to determine the amount of morphine sulphate remaining unchanged 
after intervals of from one minute to seventy-two hours’ incubation at 


TABLE 3 


The effect of beef liver in vitro upon morphine sulphate 


MORPHINE SULPHATE RECOVERED IN 


MILLIGRAMS FROM THE 
TIME INTERVAL OF INCUBATION UNDER TOLUOL AS ANTISEPTIC 


Heated tissues Fresh tissues 


One minute 4.86 
Ten minutes 
Twenty minutes 
Thirty minutes 
One hour 


37°C. with the results given in table 3. The flasks were frequently 
shaken and sufficient toluol kept in them. 

It is noted from this experiment with beef liver that this tissue zn vitro 
is capable of changing morphine sulphate chemically to such an extent : 
that it cannot be recovered quantitatively by the method used. 

The effect of tubercle bacilli upon morphine sulphate in vitro. In view of 
the fact that beef liver tissue is capable of destroying the chemical integ- 
rity of morphine sulphate, as seen from the above experiment, it seemed 
desirable to determine whether tubercle bacilli possess this same power. 
For this purpose 50 gm. of human and bovine tubercle bacilli (strains 
Miller (human), Knight (human), 4015 (human), Pasternack (human), 
a bovine avirulent and a bovine virulent) were removed with all aseptic 
precautions from the surface of the glycerol agar medium and placed 


. 
4.83 
4.00 
Hl 3337 
3.39 
2.84 
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in a sterile flask containing 40 cc. of sterile 0.9 per cent NaCl solution. 
After mixing well and breaking up all the lumps, the equivalent of 5 gm. 
of the tubercle bacilli was placed into each of ten small sterile flasks. 
Four of these flasks were heated in a boiling water bath for thirty minutes 
to destroy the enzymes present in the tubercle bacilli and, after cooling 
to room temperature, 5 mgm. of morphine sulphate in sterile solution 
and 1 cc. of sterile toluol were added to the ten flasks containing the 
heated and unheated bacilli. The cotton stoppered flasks were then 
carefully capped with heavy tin foil to prevent loss by evaporation and 
were incubated at 37°C., with frequent agitation and maintaining the 
presence of toluol for the entire period of incubation up to fourteen days. 


TABLE 4 


The effect of tubercle bacilli in vitro upon morphine sulphate 


MORPHINE SULPHATE RECOVERED IN 
MILLIGRAMS FROM THE 


TIME INTERVAL OF INCUBATION UNDER TOLUENE AS ANTISEPTIC 


Heated tubercle Living bacilli 
bacilli mixture mixture 


At certain intervals the flasks were removed from the incubator and ten 
volumes of 3 per cent trichloracetic acid solution added, shaken and the 
mixture heated in a boiling water bath for thirty minutes. Upon cooling, 
the contents of the flask were filtered, the precipitate washed at least five 
times with distilled water and the entire filtrate analyzed for morphine 
by the method previously described. The results of this study are given 
in table 4. 

An examination of table 4 reveals that, like beef liver, tubercle bacilli 
possess the power of destroying the chemical entity of morphine sulphate; 
at least they alter this compound to such an extent that it cannot be 
recovered by the method of analysis used in these studies. ‘To all intents 
and purposes this action seems to be enzymatic in nature, since it is 
destroyed by heating the bacilli in a boiling water bath for thirty minutes. 


. 
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THE EFFECT OF MORPHINE UPON TUBERCULOSIS IN THE GUINEA PIG 


Since morphine and its associated alkaloids probably have many 
properties, either beneficial or detrimental, still remaining to be discovered 
by the physiologist, and in view of their admitted hypnotic and sedative 
action, it seemed well worth while to determine what effect, if any, mor- 
phine would have upon experimental tuberculosis. So far as the avail- 
able literature would indicate, no such studies had ever been made. 
Before, however, entering upon the therapeutic experiments it seemed 
well worth considering whether morphine as such could be considered 
as a direct therapeutic agent (7). In a series of experiments in which 
morphine sulphate was administered subcutaneously to guinea pigs, in 
amounts as large as 60 to 100 mgm. daily for a period as long as six weeks, 
and certain organs ( the liver, lungs, spleen, brain, muscle and kidneys 
and tuberculous lymph nodes) analyzed for the presence of morphine, 
there was found to be no accumulation of morphine in any of these 
organs or in the tuberculous nodes; and within twenty-four hours after 
the last injection these tissues were entirely free from morphine in chem- 
ical form capable of demonstration. In view of this fact and the pre- 
viously given cultural data it would seem highly improbable that this 
compound could have any direct-therapeutic action in tuberculosis. 

Since, however, there are no doubt other factors instrumental in 
retarding or hastening the progress of this disease in man and animals, 
and, since morphine seems to possess properties which could be considered 
advantageous under certain conditions, a study of the indirect effect of 
morphine upon experimental tuberculosis seemed desirable. 

For this purpose a series of guinea pigs of uniform weight, and all males, 
were infected by injecting subcutaneously into the left groin small 
amounts (0.000,01 to 0.000,000,001 mgm.) (8) of virulent human tubercle 
bacilli. Some of these animals received no treatment and some of them : 
received daily subcutaneous injections of morphine sulphate (8 mgm.), 
beginning one week before infection and continued to the termination of 
the experiment. In others the morphine injections were begun coin- 
cident with infection, and in another set the morphine injections were 
begun one week after infection. These animals were examined for the 
amount of tuberculous involvement in from five to seven weeks after 
infection with the results given in table 6. This experiment was sug- 
gested as a result of a preliminary experiment in which two different 
cultures of human tubercle bacilli (“Pasternack” and “ Maxfield”) 
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were used for infecting and the period of study after infection was only of 
short duration. In this experiment there seemed to be a slight retarding 
influence of the morphine treatment upon the tuberculosis in the guinea 
pig. These results are given in table 5. 

An examination of tables 5 and 6 reveals that small amounts of mor- 
phine sulphate (8 mgm.), given to guinea pigs daily before and during the 


TABLE 5 
The effect of small daily doses of morphine sulphate, given subcutaneously, upon tuberculosis 
in the guinea pig 


CULTURES AND INFECTING DOSE USED 
TREATMENT* Pasternack Maxfield 
0.000,1 mgm. 0.000,1 mgm. 

+++ ++ ++ 

Controls (no treatment)............. Died 

++++ +++ ++ Died 
Eight milligrams morphine sulphate ++ ++ ~~ ~ 
daily begun five days before infection oo cao ++ + 
Eight milligrams morphine sulphate|| +++ 
daily given coincident with infection;; +++ ++ ++ + 
and continued.. ++ + Died + 


* All the guinea pigs were sectioned twenty-four days after infection. f 
+ The markings in this table conform with those previously reported from this laboratory i\ 
and are as follows: 
+ distinctly enlarged local (left inguinal) and slightly enlarged iliac lymph nodes. 
++ enlarged inguinal and iliac nodes and slight involvement of the spleen. 
+++ enlarged inguinal and iliac nodes, spleen markedly involved, tracheobronchial 
nodes enlarged and the lungs slightly involved. 
+++-+ massive involvement of all important lymph nodes in path of infection, spleen, 
lungs and _ liver. 
— no visible macroscopic tuberculosis. 


early part of the infection (twenty-four days and five weeks), have a slight 
inhibitory effect upon the development of tuberculosis in these animals, 
while a prolonged period of treatment exceeding five weeks may not have 
an appreciable effect. 

In view of these slight but rather encouraging results in the animal 
experiments it seemed worth repeating these studies, and also to note 
the effect of the administration of larger doses of morphine sulphate 


| 

1% 


652 H. J. CORPER, H. GAUSS AND O. B. RENSCH 


given intermittently, that is, 130 mgm. given daily for three days, 
and then a three days’ rest period followed by three days’ treatment 
throughout the entire four weeks of infection. Daily injections of this 
amount of morphine sulphate for several weeks was found in preliminary 
experiment to be inconsistent with the life of the guinea pig. This was 
done and the results are incorporated in table 7, which also includes a 
study extending up to seven weeks after infection (series 2). 


TABLE 6 


The effect of daily injections of small doses (8 mgm.) of morphine sulphate upon tuberculosis 
in the guinea pig ‘ 


INTERVAL 
TREATMENT WAS WITH REL INFE 

AMOUNT OF TUBERCLE BETWEEN 

BACILLI (CULTURE INFECTION 


MAXFIELD) INJECTED AND SECTION Controls not rae 
One week before} Coincident One week after 


mgm. 
++* 


0.000, 01 +4 
+ 


(ss) 


0.000, 000,001 Seven 


* The gradings of tuberculous involvement are from — to +++-+ as given in footnote 
to table 5. 


An examination of table 7 reveals that the slight inhibitory effect of . 
the morphine sulphate upon tuberculosis in the guinea pig, which is seen 
best in the early part of the infection up to four weeks, to a greatextent 
disappears if the period of treatment and observation is extended to 
seven weeks. 

In an attempt to seek the explanation for this slight inhibitory effect 
of the morphine sulphate upon tuberculosis in the guinea pig during the 
early stages, a number of possibilities suggested themselves. One of 
these was that it may be a purely chemical action, such as is seen in the 
effect of morphine upon the alkali reserve of the blood. Hjort and 


+ 
+ ++ 
+ ++ + 
+ ++ ++ 
+ + 
++ 


TABLE 7 


The effect of large doses of morphine sulphate, injected into guinea pigs, upon the development 
of tuberculosis 


SERIES AND CULTURE 


AMOUNT OF 


BACILLI USED FOR 


INFECTING 


CONTROLS 


TUBERCULOUS INVOLVEMENT 


Subcutaneous injection of morphine 


sulphate 


Large dose 


130 mgm. daily for 3 days 
followed by a 3 day rest 
and repeated throughout 

infection 


Small daily 
doses (8 
mgm.) daily 
throughout 
infection 


Series 1. Four weeks in- 
fection period with cul-; 
ture “Maxfield” 


Intermittent 
day: 


3 days 
(130 mgm.) 


Continuous 
daily 
(65 mgm.) 


Series 2. Seven weeks in- 
fection period with cul- 
ture “Levinson” 


\ 


* The grading of tuberculous involvement from — to ++-+-+ is the same as in tables 


5 and 6. ‘ 
t With the larger doses of morphine sulphate a number of the guinea pigs in the series 
died before the termination of the experiment and are not recorded. 
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Taylor (9) found that morphine sulphate, administered subcutaneously 
to normal dogs, in doses of 10 mgm., caused an increase in the alkali 
reserve which is maintained at a high level for some hours, while our 
experiments (10) indicated that morphine administered subcutaneously 
in the form of sulphate to rabbits, dogs and sheep distinctly increased 
the alkali reserve of the blood plasma of these animals. Likewise there 
was a slight but distinct effect upon the pH of the bloodplasma. Excite- 
ment in dogs and rabbits decreased the alkali reserve of the blood plasma. 
Repeated short interval injections of morphine did not tend to have a 
greater effect than a single injection. In man given a therapeutic or 
slightly toxic dose, morphine did not have a marked effect when admin- 
istered subcutaneously (in dose from 16 to 32 mgm.) upon the pH or the 
alkali reserve of the plasma. 


SUMMARY 


Clinicians have reported beneficial results from the use of sedatives in 
tuberculosis. There are repeated instances in the history of medicine 
where drugs first employed empirically have later been shown to have a 
direct action in the disease for which they have been employed, and in 
some instances have even proved a specific—quinine is one of the best 
examples. Opium and its derivatives have much in their favor to recom- 
mend them therapeutically in tuberculosis. Their pronounced sedative 
action is entirely consistent with the great principle of rest in the rational 
therapeusis of this disease; nevertheless, it is quite true that other pro- 
perties of these drugs may form equally strong contraindications for 
their use. 

This study is concerned with the action of morphine on the tubercle 
bacillus and upon experimental tuberculosis in the guinea pig. Mor- 
phine, even in saturated solution, is not tuberculocidal for short intervals 
up to three days, whereas it does exercise a distinct inhibitory action upon” 
the growth of the bacilli. The results indicate that morphine sulphate, 
in amounts as small as 1 mgm. incorporated in 10 cc. of glycerol agar, 
completely inhibits the growth of human tubercle bacilli during the first 
month of incubation (morphine diluted to 1 part in 10,000); and that 
during the second month growth occurs in the four milligram concentra- 
tion, whereas after three months it occurs in sixteen milligram concen- 
tration. Above 16 mgm. (morphine diluted to 1 part in 625) there 
appears to be complete inhibition of growth. The ability of tubercle 
bacilli to grow in increasing concentrations with increased time is inter- 
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esting and suggests the possibility of a morphine tolerance or morphine 
destruction. The morphine was recovered from the culture tubes 
practically quantitatively; whereas when morphine was mixed with a 
suspension of tubercle bacilli it was destroyed to a much greater degree, 
quite similar to the destructive action exercised by fresh liver tissue. 
When a quantity of morphine sulphate is mixed with emulsions of tuber- 
cle bacilli or liver cells, about half is so altered chemically that it can no 
longer be identified after twenty-four hours’ incubation. Appreciably 
longer periods of incubation do not increase the amounts destroyed. 
There is much in this to suggest a ferment action. Further experiments 
are being conducted on this phase of the problem. 

In experimental tuberculosis in the guinea pig, small amounts of mor- 
phine sulphate (8 mgm.), administered daily before and during the 
early part of the infection, have a slight inhibitory effect upon the devel- 
opment of the tuberculosis in these animals, while prolonged treatment 
exceeding five weeks after infection has little or no effect. 
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THE VALUE OF FLAVINE COMPOUNDS IN EXPERI- 
MENTAL TUBERCULOSIS 


S. A. PETROFF 
Trudeau Sanatorium, Trudeau, New York 


Considerable attention has been devoted during the war, and since, 
to the use of flavine compounds and other basic benzol derivatives, 
especially in the treatment of infected wounds, acute urethritis and 
other diseases, where a germicide of high potency with no injury to 
the patient is desired. 

Browning (1) and his co-workers, while investigating the relation- 
ship between constitution and bactericidal action among basic benzol 
derivatives, came to the conclusion that the dyes belonging to the acri- 
dine group possessed extremely powerful bactericidal and antiseptic 
properties, which are considerably increased when the dyes are mixed 
with blood serum. They also state that these dyes have power to 
stimulate phagocytosis and the growth of connective tissue. Ligat, 
(2), Wells (3), Carslaw and Templeton (4), Burchfiel (5), Davis (6), 
Peck (7), and many others report very favorable results obtained by the 
use of these dyes in the treatment of infected wounds and gonorrhea. 

In this communication we shall report the results of our study with 
two flavine dyes, acriflavine and proflavine, in regard (1) to their 
inhibitory properties on the development of tubercle bacilli in culture 
media and (2) to their therapeutic value in infected animals. Our 
study was carried on only with the American dyes which we obtained 
through the kindness of the Heyl Laboratory, New York City. We 
cannot speak about the French or English preparations. 

Acriflavine is 3.6-diamino-10-methyl-acridine-chloride and was orig- 
inally prepared by Bunda at the suggestion of Ehrlich. It was 
found to have a marked therapeutic effect in trypanosome infections. 
The compound at first was called trypaflavine because of its trypanocidal 
action. 

Proflavine is 3.6-diamino-acridine-sulphate, and is claimed by the 
maker to possess the same bactericidal properties as those of acriflavine 
but is less toxic when used for intravenous or other inoculations. The 
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two dyes in question are not altered by heat; they are nontoxic when 
inoculated intravenously in a dilution of 1 to 1000; and are not pre- 
cipitated by the addition of normal or stronger salt solution or sodium 
citrate. 


INHIBITORY PROPERTIES 


For the study of inhibitory properties on the cultivation of tubercle 
bacilli, the veal infusion of 4 per cent glycerin broth was used. The 
medium was prepared as usual. It is sterilized for three successive days 
in Arnold sterilizers and the following dilutions with the dyes ranging 
from 1 to 1000 to 1 to 1,000,000 were made, inoculated as usual.by 
floating the growth on the surface of the culture media and incubated. 
The results obtained are recorded after a four weeks incubation: 


DEGREE OF GROWTH 


Acriflavine Proflavine 
1:1,000 No growth No growth 
1:5,000 No growth No growth 
1:10,000 No growth No growth 
1:25,000 No growth Slight growth 
1:50,000 Slight growth Slight growth 
1:100,000 Fair growth Fair growth 
1:500,000 Good growth Good growth 
1:1,000,000 Abundant Abundant 
Control Abundant Abundant 


From the above table it is evident that the dyes in question possess 
inhibitory properties on the development of the tubercle bacilli. The 
acriflavine probably possesses a slightly higher degree of this property 
than the proflavine. In the former the dilution of 1 to 50,000 will 
inhibit the growth of tubercle bacilli, and in the latter 1 to 25,000. 
Incidentally, during this study we also found that Bacillus subtilis will " 
develop in a dilution of 1 to 25,000. 


ANIMAL EXPERIMENTATION 


Our experimentation was only with rabbits and guinea pigs. 
Twenty-four guinea pigs were injected subcutaneously with a light 
emulsion of human tubercle bacilli, isolated from the sputum of a 
patient, which in previous study was proved to be virulent for guinea 
pigs. After fourteen days the 24 guinea pigs were divided into three 
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groups of 8 each. Group 1 received weekly subcutaneous injections of 
the proflavine dyes in normal salt solution. Group 2 received weekly 
injections of acriflavine in"salt solution, and the third group was kept 
for control. 

It first was necessary to determine the proper dosage for animal 
experimentation. Browning found that when rabbits were inoculated 
with acriflavine, so that the dose represented 0.066 per kgm. of body 
weight, the blood serum of such animals, when diluted with an equal 
volume of normal salt solution, completely inhibited the develop- 
ment of staphylococci and Bacillus coli. Taking this as a basis and 
finding out by our experiment that a dilution of the dyes of 1 to 
10,000 will completely inhibit the development of the tubercle bacilli, 
we decided to use the dyes in such a dilution that a dose represented 
0.03 gm. of the dye for each kgm. of body weight. The average weight 
of all guinea pigs was 350 grams. (See table 1.) 

Table 1 shows that the controls outlived the treated animals. The 
average lifetime of the animals which received proflavine was eighty 
days after the injection. The group that was treated with acriflavine 
lived seventy-five days, and the third group which consisted of the 
controls (not treated) outlived the treated ones; that is, their time of 
life was one hundred and seven days. It seemed to us that acriflavine 
was more toxic for guinea pigs than the proflavine. This experiment 
on guinea pigs was repeated and as the result was the same as the first 
experiment we shall not give the details. 


RABBIT EXPERIMENTS 


Twelve rabbits, having an average weight of 1200 grams, were injected 
intravenously with 0.2 cc. of emulsion of bovine tubercle bacilli, each 
microscopic field with the oil immersion having an average of eight 
tubercle bacilli. Two weeks after the injections the rabbits were 
separated into three groups. Eight rabbits were selected for treat- 
ment and the other 4 were the controls. Four of the 8 animals were 
treated with acriflavine and the other 4 with proflavine. Each treated 
animal received 30 mgm. of the dye in 10 cc. physiological sodium 
chloride solution. During the treatment the control animals gained 
weight while the treated ones gradually lost weight. (See table 2.) 
The above experiments were repeated, and as the results were practi- 
cally the same as the first experiments, the details are omitted. 
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SUMMARY 


1. Acriflavine and proflavine (American preparations) have inhibitory 
properties on the development of tubercle bacilli when these dyes are 
used in culture media. In the former this property is in-a dilution of 
1 to 50,000, and in the latter, 1 to 25,000. 

2. The dyes as therapeutic agents in experimental tuberculosis are 
of no value, but have a tendency to accelerate the progress of 
the disease. 

3. All controls outlived the treated animals. 


I wish to thank Dr. Walter B. James for having suggested this study. 
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A NEW AND EASY METHOD FOR THE DEMONSTRATION 
OF GRANULES IN TUBERCLE BACILLI! 


JEAN KIEFFER 


Norwich State Tuberculosis Sanatorium, Norwich, Connecticut 


The tubercle bacillus is hard to stain; but when it has absorbed an 
aniline dye it does not discharge the color readily. Alcohol, acid, and 
alkali will decolorize the material containing the bacilli much more 
quickly than they will decolorize the bacilli; knowledge of this fact has 
been a great help in the investigation of the life cycle of the tubercle 
bacillus. 

Many methods have been devised for the differential staining of 
tubercle bacilli and a few for the demonstration of granules, contained 
in or free from the bodies of the bacilli. Much in 1907 first described 
these granules and a method for their staining. Since then, other 
methods of staining them have appeared in the literature from time to 
time. The most important of these are: 

Much’s method and its modification by A. Kirchenstein; Von 
Betegh’s method; Fontes’s technique; Sesqueira’s method; and P. 
Spehl’s modification of Spengler’s method. 

These staining methods entail a rather prolonged and complicated 
technique. A method which would be quick and easy to use, and 
would show plainly the bacilli and the granules (in the bacilli or free), 
and would at the same time eliminate the confusion possible when other 
Gram positive organisms are present, would be very useful. The 
following staining technique provides these desired results: : 


Only three solutions are necessary beside the counterstain, the use of which 
is optional: 

1. The staining reagent, which may be called Carbol-fuchsin-violet Solution, 
is 


1 Read at a Monthly Conference of the Medical Officers of the Connecticut State 
Tuberculosis Sanatoria, at the Norwich Sanatorium, February 7, 1921. 
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(If the mixture shows a metallic scum, add 95 per cent alcohol drop by 
drop till the scum disappears.) 


2. The fixing solution, which is a concentrated Lugol’s solution, is 


3. The decolorizing solution, which can be called the A. A. A. Solution 
(acid, alcohol, acetone), is 
Concentrated hydrochloric acid 


Alcohol, 95 per cent 
Acetone 


(This gives a concentration of approximately 3 per cent HCl.) 


The technique is as follows: 

The smear is prepared in the ordinary way and fixed by heat; then 

1st. Cover with carbol-fuchsin-violet and heat to steaming (do not allow 
to boil) for 4 to minute. Wash. 

2nd. Cover with Lugol’s Solution for 1 to 13 minutes. Wash. 

3rd. Cover with A. A. A. solution and renew till decolorized, from ? to 
1 minute. Wash. 

4th. If desired, counterstain with 1 per cent aqueous methylene blue. 
Wash, dry and examine. 

A certain latitude in the different steps is allowable, thus making it very 
easy to obtain good results with this staining technique: 

The staining in step 1 can be carried from } to 2 minutes. 

The action of the Lugol’s Solution can be carried from $ to 4 minutes. 

The decolorizing in step 3 is more within limits:— from $ to 1} minutes 
for smears of sputum and pus, and # to 1 minute for pure cultures; 1 minute 
and 2 minute, respectively, being the best time. J is best to make the smears 
thin enough to have complete decolorization in that time. 

The whole procedure takes about 23 to 3 minutes and with ordinary care 
good results are obtained in every preparation, permitting easy differentiation 
between the granules (either in the bacilli or free), the bacilli themselves and 
other organisms present. 


RESULTS 


The granules are purplish-black. 

The bodies of the bacilli are red or deep pink. 

The other organisms and cellular constituents take the counterstain. 
All Gram positive organisms other than tubercle bacilli stain the same color 


as the background. 


JEAN KIEFFER 


POSSIBLE VARIATIONS 


Two variations of the above technique can be used if more convenient: 
In staining, step 1, one does not have to use an already mixed prepa- 
ration of carbol-fuchsin and carbol-methyl-violet, but can put on. the 
cold slide three drops of the latter for every four drops of the former, 
rocking the slide from side to side to mix them before heating. 

Also, instead of Lugol’s Solution in step 2, tincture of iodine can be 
used for the same length of time. The results are the same. 

In experimenting with spore-forming organisms none have been en- 
countered which did not completely decolorize; and different strains of * 
smegma bacillus (acid-fast with Gabbett’s Solution) almost totally lost 
the stain (red or purple) so that the error from that source is con- 
siderably minimized; and further study might prove this stain very 
useful in differentiating between the smegma bacillus and the tubercle 
bacillus in urine and other material. 


CONCLUSIONS 


The advantages of the above technique can be summarized as 
follows: 

1. The small number of solutions, their stability and easy prepa- 
ration with material obtainable in even small laboratories. 

2. The speed and simplicity of technique. 

3. The uniformly good results obtained. 

4. The clear differentiation between the so called Much granules, 
the tubercle bacilli, and all other organisms and granules. 
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A CASE OF TUBERCULOMA OF LEFT FRONTAL 
LOBE OF BRAIN! 


B. M. RANDOLPH 
Washington, D.C. 


The case is of interest because of the following points: (1) nature, 
size, situation of the lesion, and the age of the patient; (2) great number 
of convulsions; and (3) difficulty of harmonizing the neurological 
symptoms with the autopsy findings. 


HISTORY 


Mr. R., white male, aged thirty-four years, real estate agent. 
Family History: No tuberculosis, or other chronic disease in family. Mar- 
ried; has three healthy children; a fourth has epilepsy. 

Past history: Scarlet fever, 1900; rheumatism, 1902; influenza, 1918. 
Negative for venereal infection. Always strong and vigorous, worked hard, 
and was successful in business. Subject to headaches, especially in the even- 
ing, and did not sleep well. Habits good. 

Thirteen months before the present illness, he returned from a fishing trip 
in the afternoon, and the same evening dined out. While telling a story, he 
was noted to have difficulty in finding his words, and immediately fell into a 
convulsion. A second convulsion occurred in half an hour, and a third within 
an hour. A nearby physician was called, who, after making a negative 
examination, offered the opinion that the attacks were of psychogenetic 
origin, as follows: The patient, fatigued by his travel, tripped in speech, was 
humiliated, and succumbed to a hysterical demonstration, the form of which 
was determined by memory of his child’s epileptic seizures. His family 
physician leaned to the theory of a uremic origin, and kept the urine under 
observation for several months, though the findings were always negative. 
Recovery from the above was complete, and, aside from the headaches and 
insomnia above mentioned, he had excellent health. 

Present illness: December 13, 1920, he returned from a hunting trip, appar- 
ently in excellent condition, except that he complained of a lame feeling in 
his right shoulder, which was attributed to the effects of carrying his gun. 


1 Case and specimen presented before the Society for Nervous and Mental Diseases of 
the District of Columbia, February 17, 1921. 
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That night, after retiring, he had a convulsion. Next day he appeared well, 
and was out of doors interested in his children’s play. At 3 A.m., December 
15, he had another seizure, and the convulsions began to recur at regular 
intervals. It was estimated that about 20 attacks occurred before he was 
admitted to the George Washington University Hospital, which was effected 
at 10 A.m., December 15. The attacks recurred with regularity from this 
time to within an hour of his death, which took place December 17, at 11: 55 
AM. The interval was at first about forty minutes, but it gradually 
shortened, until toward the end, they occurred every five minutes. 

I saw the case with Dr. Luckett at eleven o’clock, the morning of the 15th, 
and twice the next day. Dr. Luckett testifies that in the interval between 
the earlier convulsions, seen by him at the patient’s home, the patient appeared 
to make a normal recovery, speaking, moving, and acting as was his habit. 
The findings of my examination on the first visit were: 

Convulsive cycle: Abrupt onset, with laryngeal stridor. Face drawn to 
the right. Seizure involves all the limbs, beginning with small movements 
like a coarse tremor. These rapidly become wider in amplitude, more violent, 
and slower in rate, consisting of a violent jerking, and involving the limbs of 
the right more than those on the left side. They gradually become less 
violent, slower, and cease, a period of relaxation following. The duration of 
the convulsion is thirty seconds to one minute or more. The attacks are 
accompanied by cyanosis, which-rapidly passes when the convulsion is com- 
pleted. During the convulsion the eyes and tongue are drawn to the right; 
the facial muscles are in tonic contraction, more so on the right; left extremi- 
ties extended, and the right semiflexed. As the attack ceases, the breathing 
is stertorous, but this passes with the cyanosis. 

Examination in intervals between convulsions: Patient is conscious, face 
congested. Right temporal artery very prominent. (His wife states that 
this has been the case for a long time.) Incomplete left facial paralysis. 
Complete flaccid paralysis of left arm and leg. Respiratory movements 
symmetrical. Speech lost, but he can understand what is said. Is able to 
protrude the tongue, and can swallow. Eyes: Subconjunctival hemorrhages. 
Pupils equal, and respond to light. Eyes swing slowly from side to side. 
Eye grounds somewhat hazy, but there is no hemorrhage, and the discs are 
normal. Reflexes: Abdominal: absent on both sides. Cremasteric: left 
diminished, right active. Patellar: left absent, right faint. Achilles: both 
absent. Plantar: left no response, right present. Babinski: left no response, 
right a lively positive. No Kernig on either side. No abnormalities found 
of heart, lungs, or abdominal viscera. Urine: acid; specific gravity, 1,025; 
albumen positive; sugar negative; many hyaline and granular casts, with a 
few leucocytes and red blood cells. Spinal fluid: Flows without increased 
pressure; is clear and colorless, cells per cu. mm., 6; globulin increased; Wasser- 
mann negative. 
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Progress: The pulse ranged from 100 to 116; respirations from 24 to 30; 
temperature from 100° to 101°F. There was a terminal rise of temperature 
to 103.4°._ He complained of pain in the left frontal region. Control of the 
urine and feces was maintained till near the end, though there were at times 
involuntary urine and feces during a convulsion. Was able to take liquid 
diet till terminal coma set in. Bromides, chloral, chloroform inhalation and 
morphine had no effect in modifying the convulsions. 

Diagnosis: The clinical diagnosis was that the patient had an intracranial 
lesion of long standing, with recent acute diffuse infiltration. Syphilis was 
excluded by the examination of the spinal fluid. Sarcoma was considered 
improbable, as it was unlikely that an intermission of activity of thirteen 
months would have occurred. The opinion was given that the disease was 
probably tuberculosis. Localization of the primary lesion was not made, but 
was assigned to a silent area. 

Prognosis: was absolutely unfavorable, and an early fatal issue was pre- 
dicted.. Operative procedure was considered, but was rejected unless the 
clinical picture should change. 


Autopsy (By Dr. O. B. Hunter): Abstract: On sagittal section of the 
left cerebral hemisphere, a large solitary tubercle was found in the 
anterior pole of the frontal lobe, involving the superior, middle and 
inferior frontal gyri, and extending well down in the corona radiata to 
within 2 inch of the corpus striatum. It measures 12 inches in its 
sagittal diameter by 1} inches in the vertical, by 1 inch in the trans- 
verse. Superiorly and mesially it is covered by a very thin shell of 
cerebral cortex. Its central mass is composed of soft, gelatinous, 
hemorrhagic, necrotic material, with a rather firm, but somewhat eroded 
‘“‘motheaten” wall. Microscopic examination shows considerable 
hemorrhage, old and recent, some fibrin, large numbers of endothelial 
leucocytes and epithelioid cells, many round cells, and a few polymor- 
phonuclear leucocytes. There are considerable granular debris and 
cellular detritus. A moderate number of tubercle bacilli is present. 

Posterior to the above described tubercle, and occupying a similar 
position with respect to the frontal convolutions, 1% inches anterior to 
the proximal end of the fissure of Rolando, there is another area ex- 
hibiting induration, capillary engorgement and petechial hemorrhages, 
with slight necrosis. It is separated from the above described tubercle 
by a cortical peninsula of cerebral tissue, $ inch wide. This second 
area measures ? inch in its sagittal diameter, 1} inches in its vertical, 
and 1} inches in its longest transverse diameter. It is continuous at 
its anterior-inferior border with the first described tubercle, from which 
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it is elsewhere separated as described above. Microscopic sections show 
the same pathological changes as are described for the first lesion. 
There is considerably less hemorrhage and fibrin, but large numbers of 
endothelial leucocytes and epithelioid cells are present, with a moderate 
number of round cells, and a scant number of polymorphonuclear leu- 
cocytes. Granular debris and cellular detritus are present, but are 
more or less scattered in separate foci. Tubercle bacilli (few) are 
present. 


Fic. 1. SAGITTAL SECTION THROUGH LEFT HEMISPHERE, 1 INCH FROM LONGITUDINAL FISSURE 


Mesial portion upright; temporal portion reflected downward in foreground. A indicates 
tuberculoma. Formalin fixation. 


The cellular accumulations in both instances are thrown together in 
a more or less haphazard fashion, and there is no evidence of any tend- 
ency to the formation of tubercle, giant cells, or fibrosis. 

There is marked engorgement of all the cerebral veins, and hemor- 
rhagic extravasation over the region of the left Sylvian fissure, extend- 
ing over the left temporal lobe and fissure of Rolando; slight basilar 
meningitis and adhesions of pia at anterior pole of left temporal lobe; 
evidences of old basilar meningitis in region of anterior and posterior 
perforate spaces, and over corpora mamillaria. The dura is adherent 
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in the region of parieto-occipital sulcus, and also over both right and 
left cunei. No other focal lesion found. 
A few old healed nodules were found in the apex of right lung. No 
other pathological changes except terminal congestion of organs. 
Diagnosis: Tuberculous encephalitis (solitary tubercle of left frontal 
lobe). 


SUMMARY 


During the patient’s stay in the hospital, 10:30 a.m., December 15, 
to 11:55 a.m., December 17, 278 convulsions were counted. It was 
estimated that there were 20 seizures the morning of the 15th before 
his arrival at the hospital. That is, there were a little short of 300 
convulsions within eighty-one hours. 

The distribution of the paralysis, left hemiplegia, including the 
lower segments of the left facial distribution, suggested a capsular 
lesion. No capsular lesion was found on the right side, except vascular 
engorgement. During life no satisfactory examination of the sensory 
system could be made, because of the aphasia, and the brief period 
between the attacks. The spinal cord was not removed at the autopsy. 


Therefore, a clinico-pathological exclusion of a lesion of the spinal 
tract is lacking. However the inclusion of the facial nerve in the 
paralysis makes such a lesion improbable. But supranuclear paralyses 
are, as a rule, spastic in type. Is it possible that the rapidly recurring 
convulsions so exhausted the paralyzed muscles, that they could not 
respond to the afferent stimuli that ordinarily produce spasticity? 
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TUBERCULOSIS OF HUSBAND AND WIFE! 
A REPORT OF 150 CASES 


HARRY LEE BARNES 
Wallum Lake, Rhode Island 


The statistical material on which this article is based was obtained 
from the records of 5608 consecutive cases of tuberculosis admitted 
to the Rhode Island State Sanatorium between November 1, 1905, 
and May 5, 1921. There were 2262 married persons admitted, and of 
these, 62, or 2.7 per cent, claimed to have partners suffering from 
pulmonary tuberculosis. Of the 62 cases, 12 were repeated admissions 
of the same patients, leaving 50 different individuals. The elimination 
of duplicate admissions from all married cases, it is believed, would have 
made no material change in the percentage of patients with tuberculous 
consorts (2.7 per cent). 

Of these 50 married patients with tuberculous consorts, 29, or 58 
per cent, had tubercle bacilli in the sputum and the remainder had 
symptoms and signs which were considered diagnostic. Eight of the 
50 patients had consorts who were patients in this institution, and, 
in the remaining cases, the patients’ statements that their consorts 
were tuberculous were unverified by the institution. That 2.7 per 
cent of all tuberculous patients should have tuberculous consorts is not 
surprising, as 2.7 per cent of the general population probably has 
clinical tuberculosis. Assuming that tuberculosis is transmitted 
between married partners, it should not be expected to be evident in a 
few days or weeks, as do diseases ordinarily classed as contagious, 
because the massive doses likely to transmit infection are usually given 
late in the disease and the consort receiving the infection may not 
develop recognizable disease for one, two, or three years, or until after 
the death of the partner first affected. 

Statistics based on patients who have had consorts die of tubercu- 
losis are more valuable, not only because plenty of time may elapse 


1 Read at the Thirty-eighth Annual Meeting of the American Climatological and Clinical 
Association, Lenox, Massachusetts, June 4, 1921. 
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for the development of the disease, but also because death is something . 
definite. Patients’ statements that their consorts died of consumption, 
like the physicians’ certificates, on which they are usually based, 
are subject to occasional error and are, therefore, inferior to autopsy 
records; yet they probably minimize, rather than exaggerate the 
number of cases of tuberculosis. 

Of the 5608 admissions, there were 277 widowed persons, and, if we 
exclude from the latter number 48 duplicate admissions, there are left 
229 different individuals who had been widowed. Our records show 
100 different persons whose consorts died of tuberculosis, but as 7 of 
these had subsequently been remarried and were classified as married 
on admission, and as there was no record kept of widowed persons whose 
consorts died of nontuberculous diseases and who subsequently re- 
married, these 7 remarried widows are excluded, leaving 93, or 40 per 
cent, of all widowed tuberculous persons who lost their consorts by 
tuberculosis. 

Of the 100 dead consorts, 57 were husbands and 43 were wives. Of 
the 100 widowed tuberculous patients whose consorts were alleged to 
have died of tuberculosis, 71 had positive, and 29 negative sputum. 
Of the 29 having negative sputum, 12 had had hemoptyses, 7 of the 
remaining had had pleurisy, 2 of the remaining had had night sweats, 
and the 8 remaining patients had signs and symptoms which were held 
to be diagnostic. Seventy-seven of the widowed patients gave the 
period of time which had elapsed between the death of their consorts 
and their admission to the sanatoruim, and these periods averaged 4.5 
years. In 23, or 30 per cent, the period was more than five years. 

Of over 3400 deaths among married people under seventy years of 
age in Providence in the three years 1915 to 1917, inclusive, the deaths 
from tuberculosis were 11 per cent in 1915, 13 per cent in 1916, 12 per 
cent in 1917, and averaged 12 per cent for the whole period. In 
other words, the percentage of those widowed by tubercuolsis is over 
three times as great among our sanatorium patients as in the gen- 
eral community. 

These statistics tend to show one of the following alternatives: 

1. That this sanatorium attracts more than the normal ratio of 
persons widowed by tuberculosis. 

2. That unfavorable conditions in the home contribute heavily to 
the development of tuberculosis in both consorts. 
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3. That tuberculosis is communicated from a tuberculous to a 
healthy consort. 

The efforts of the public health nurses are greatest in the homes 
where there has been a death from tuberculosis and those who have 
tost a consort are more likely to seek early diagnosis. On the other 
hand, these statistics were about the same before there was enough 
public health work to affect the result. Equal pressure from the 
medical profession and nurses is put on all known tuberculous patients, 
whether widowed from tuberculosis or not, and for over four years no 
patient, however advanced, has been refused admission. 

While it may be admitted that wives widowed by tuberculosis may 
be subjected to more hardship for a year or two preceding the death of 
their consorts than those widowed by other diseases, it would hardly 
be expected to make so great a difference as has been shown. 

Arguments against the frequency of adult infection based on the 
low tuberculosis incidence among employees of institutions for tubercu- 
losis are far from conclusive, not only because these employees exer- 
cise precautions against contamination by sputum not efficiently 
exercised in the home, but because the relations of husband and wife, 
such as sleeping in the same bed, kissing, etc., greatly enhance the 
danger; and also because the employees in most tuberculosis institutions 
live under a regimen which frequently arrests tuberculosis after manifest 
development. 

Failure to infect animals a second time with tuberculosis, a few 
months or a few years after the first inoculation, hardly warrants 
sweeping conclusions as to the protective immunity conferred on the 
majority of adults .by childhood infections. Proof that animals 
cannot be reinoculated with tuberculosis twenty, thirty or forty years 
after the first inoculation, would have value. The experiment of adult 
infection is, however, being carried out throughout the country by mar- 
ried partners, one of whom has tuberculosis, and the determination of the 
incidence of tuberculosis morbidity and mortality of those who have had 
consorts die of tuberculosis is more conclusive than animal inoculation. 
It is a subject of such vital importance to the tuberculosis movement 
that it merits exhaustive study by many workers in different localities. 


TUBERCULOSIS OF HUSBAND AND WIFE 


CONCLUSIONS 


1. The histories of 229 consecutive widowed patients admitted to 
the Rhode Island State Sanatorium, 1905 to 1921, show that 93, or 
40 per cent, lost their consorts by death from tuberculosis, a tubercu- 
losis mortality over three times that of the married people of the 
community. 

2. Immunity from many diseases is short lived and until much more 
convincing evidence of permanent immunity against tuberculosis con- 
ferred by childhood infections is forthcoming, a cautious logic will 
not accept the confident statements that are being made as to the 
impossibility or rarity of adult infection. 
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MALNUTRITION AND ITS RELATION TO TUBERCULOSIS 


HENRY D. CHADWICK 
Westfield State Sanatorium, Westfield, Massachusetts 


In my sanatorium experience of nearly fifteen years, I have seen the 
pendulum swing slowly but steadily from the adult toward the child 
“in our endeavor to prevent and cure tuberculosis. We long ago 
realized that patients must be found in the incipient stage of disease if 
we are to be successful in effecting the greatest number of cures. In 
the effort to find the incipient cases we followed the trail and found 
that it led back to childhood. There we discovered the period when 
infection occurs and the transition from infection to incipient disease 
frequently takes place. I believe that a really incipient case of pul- 
monary tuberculosis in an adult is an extremely rare condition to find. 
The so called early cases in adults are in reality a reactivation of child- 
hood disease. 

To continue our former policy of waiting for pulmonary tuberculosis 
to become manifest in the adult before attempting its cure is a sad 
waste of effort. We must go further and stop the supply at the source. 
The recruits are being prepared and made ready from the files of 
children, as they advance each year to take the places of the maimed 
and fallen in the ranks of tuberculous adults. We must stop this 
recruiting before we can win the battle. 

In order to get some data upon malnutrition and its relation to 
pulmonary tuberculosis, I arranged with the superintendent of schools 
in Westfield to allow me to make some physical examinations of thé 
children who were found to be underweight. The work of weighing 
and measuring was done by the nurses employed by the Hampden 
County Tuberculosis Association, and they assisted in the subsequent 
examinations and made home visits when it was thought necessary to 
obtain information about living conditions. 

At the Westfield school which was selected for examination there 
were 659 pupils. They comprised the ages that are found grouped in 
the kindergarten, first, second, third and fourth grades. The results 
of weighing and measuring showed 71.6 per cent normal, 15 per cent 
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from 7 per cent to 10 per cent underweight, and 13.4 per cent as 10 
per cent or more underweight. The total number of underweight 
children was 186, or 28 per cent of the whole number. Written consent 
was obtained to make physical examinations of 146. Twenty-two 
others from the normal weight group were:referred to us because of 
some physical defect that the teachers had noted. None of these, 
however, showed any evidence of pulmonary disease. This made a 
total of 168 who were given complete examination. 

Dr. Frederick Clark, a laryngologist, made a thorough examination, 
using the digital method to detect adenoids. He found that nearly 
all the children had diseased or enlarged tonsils and adenoid growths 
of some degree. Many were in need of immediate operation to relieve 
obstruction to breathing and to prevent impairment of hearing. 

Dr. Bethell, the sanatorium dentist, examined the teeth of all the 
children and found that they had on an average eight carious teeth and 
that very few had ever had any dentistry done. 

Dr. Morgan and I made all the chest examinations. We found 83 
to have signs and symptoms indicating enlarged bronchial lymph nodes 
or changes in respiration that are often early manifestions of tubercu- 
losis in children. Some of these symptoms were doubtless due to 
diseased conditions of the throat and nose. 

Twenty of the children had a temperature of 100° or more at the time 
of the examination. This febrile condition might be transient or be due 
to any active disease or acute infection. As a check on the group under 
observation I had the nurse take the afternoon temperatures in one of 
the fourth grade rooms. The number of pupils was 44. Two children 
had a temperature of 99.8°, one 99.6°, five 99.4°, five 99.2°, seven 99°, 
a total of twenty with a temperature between 99° and 99.8°. It would 
seem, therefore, to be a safe conclusion that, when a child has a 
temperature of 100° or more, it is due to some pathological condition. 
Such a case should be followed up to determine whether the fever is 
frequent or persistent, and if so endeavor to find the cause. 

The 83 children were examined again about two weeks later, and a 
more painstaking study of their lungs was made under quiet conditions. 
This time we eliminated all but 48. All the children in this group 
showed definite impairment of resonance between the scapulae and ex- 
tending upwards toward the apices. The d’Espine sign was pro- 
nounced. The breathing was of a bronchial type. The physical signs 
were such that a diagnosis of tuberculosis affecting the bronchial nodes 
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and structures about the root of the lungs would be warranted when 
found together with malnutrition and other symptoms of toxemia. 
Twelve of these children were later taken to the sanatorium for X- 
ray examination. The films confirmed our findings and showed that 
a diagnosis of tuberculous disease in its incipient stage would be 
justified. 

The children attending this school came almost exclusively from 
Bohemian, Polish and Lithuanian families. The grades were the kinder- 
garten, first, second, third and fourth. The percentage of malnu- 
trition was 28 per cent. Another school of 240 pupils, from the 
fifth to the eighth grades inclusive, where the older children from 
the same families attended, showed 68 per cent of malnutrition, which 
was by far the highest of any school in town. The apparent reason for 
this great difference in nutrition in children of different age groups from 
the same families may be due to the fact that the older children are 
expected to work as much as possible in addition to their attending 
school, and also that they get little or no milk. The limited amount 
of milk that is provided in these homes is given to the younger children. 

Is malnutrition an etiological factor in tuberculosis? It would seem 
from the results of the examination of these school children that the 
two were closely allied. We know that tuberculosis causes malnutrition. 
May not malnutrition itself also prepare the way for the implanted 
tubercle bacilli that are present in most children to become active and 
produce tuberculous disease? 


COMMENT 


The number of malnutrition cases in this school was 186; 146 of this 
group were examined and 48, or 33 per cent, were found to be definitely 
tuberculous. ; 

The average percentage of malnutrition among the 2828 children 
that make up the school census in nine of the Westfield schools is 
32 per cent. If the law of averages holds true then fully one-third of 
this number of children suffering from malnutrition have diseased bron- 
chial nodes, which is the first step in the development of pulmonary 
tuberculosis. Furthermore, 48 cases in one school of 659 pupils is a 
little over 7 per cent of the entire number. While it is not justifiable 
to draw too many conclusions from so small a number of children 
examined, it is significant that this percentage of diseased children 
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coincides closely with the present death rate from tuberculosis, which 
is also not far from 7 per cent. We may assume, however, that a large 
percentage of these 48 children will eventually break down and develop 
active tuberculosis and many of them will die before they are twenty- 
five years old, unless they have exceptionally good care and good luck. 

The evidence I have submitted only goes to confirm the belief held 
by many observers that antituberculosis activities should be directed 
more and more toward child welfare. To cover such a vast field and 
get thousands of tuberculous and potentially tuberculous children under 
supervision we should strongly advocate the adoption in every city and 
town of a method of group instruction and individual treatment along 
the lines developed by Professor Emerson in his nutrition clinics for 
delicate children. This can best be done in connection with the schools, 
as the children are there brought under official control for ten months 
of each year. Weare neglecting our opportunities if we fail to do exten- 
sive preventive work with these children when they are in the earliest 
stage of disease and at a period in their lives when they will respond most 
quickly to rational changes in diet and habits of living. We must im- 
prove the physique and build up strong, disease resisting bodies during 
childhood. Then the cases of tuberculosis, that smoulder away during 
adolescence only to break forth later on and decimate the ranks of 
young manhood and womanhood, will become fewer and fewer, and 
as a cause of death in the next generation this disease will become 
a much less important factor. 


TUBERCULOSIS IN DISCHARGED SERVICE MEN 


MILES J. BREUER 
Lincoln, Nebraska 


A great deal of attention is being paid to the recognition, by means of 
clinical signs and symptoms, of pulmonary tuberculosis in its less ad- 
vanced stages, and the consequent possibility of instituting treatment 
before the prognosis has become too grave. Pottenger has done a 
great deal in calling attention to, and explaining the mechanism of, these 

‘clinical findings. This question will not be discussed at all in this paper; 
Pottenger’s works are referred to, for this purpose; and they contain 
a full bibliography of other writings on the subject. 

The following observations were made on discharged soldiers and 
sailors, who were examined as applicants for compensation under the 
War Risk Insurance Act. As a rule, the cases were available for study 
for a day or two at most, during which a thorough physical examination 
was possible. In case of necessity they were detained for a longer 
period of study. It must be kept in mind that in this series, advanced 
cases of tuberculosis, or of other diseases, did not occur very frequently, 
since they had been weeded out by the discharge examinations: those 
who could not pass the latter were detained at military hospitals for 
treatment. 

The purpose of these observations is to study the relative importance 
of the various physical and subjective findings in the diagnosis of 
pulmonary tuberculosis. Data have been obtained from the following 
material: 


Total number of men examined in one year.............cecceeccceceeecees 
Number of diagnoses of tuberculosis. 58° 


Tuberculous hip, no chest findings.............. 2 
Tuberculous peritonitis, no chest findings...............seeeeeeeeees 1 
Advanced tuberculosis of the lungs..............ccccccccecesececvces 2 
Previous diagnosis of tuberculosis; no findings now..........e.eeeee+2 3 


In order to secure uniformity and thoroughness in the examinations, 
an outline form was used. A representative selection of clinical signs 
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and symptoms was made, and printed in full on the sheet. Findings 
were indicated by checking or underlining when positive, and crossing 
out with a line through the words, when negative or not elicited. 

The clinical findings, can be classified, from the standpoint of their 
use in diagnosis, according to table 1. - 

The first group in the table consists of the effects of tuberculous toxins 
on the system. These effects are more or less common to all infections, 
varying in number and severity according to the amount and duration 
of the infection. The absence of these symptoms in a case of tubercu- 
losis is practically equivalent to a lack of activity of the pathological 
process. 

The second group consists of a number of phenomena, particularly 
discussed by Pottenger, resulting from the reflex effects along the pe- 
ripheral nerves, due to visceral stimulation of the corresponding spinal 
segments. An inflammation at the apex will cause such a constant 
bombardment of the nerve cells in the segment corresponding to the 
visceral branches from the apex, that the outgoing stimuli find their 
way along all the efferent nerves from that segment; consequently skin 
segments, muscles, and sensory segments are affected, with production 
of pain and paresthesias, atrophy of the skin, and tension, hypertrophy 
and atrophy of muscles. These phenomena, referred to an apex or a 
hilum, denote the presence of an inflammatory process. Lesions 
other than tuberculosis are so rare at the apex, that an apical process 
may be considered practically synonymous with tuberculosis. 

The third group requires no discussion; it consists of the old classical 
findings of consolidation, cavity formation, and cough with sputum 
containing signs of disintegrating lung tissue. 

It will be noted that cough is listed in both the second and third 
groups of table 1. The reflex cough is the slight, dry, brassy cough, 
occurring very early, and seldom noted by the patient himself, but usually 
reported by his friends. The productive cough occurs when there is 
actual disintegration of lung tissue, with the presence of debris in the 
bronchi which must be got rid of. 

Similarly, hoarseness falls into two categories. The hoarseness 
produced by actual local tuberculous infection of the larynx is not con- 
sidered in this discussion. The hoarseness mentioned in the second 
group is a reflex phenomenon. Irritation of the recurrent laryngeal 
nerve by mediastinal infiltration explains some cases, but not all. 
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TABLE 1 


Toxic symptoms 
Weakness and early fatigue Indicate an infectious process. Not pecul- 
Poor appetite iar to tuberculosis. Alone, do not neces- 
Afternoon fever > sarily indicate tuberculosis. In connec- 
Loss of weight tion with other signs indicate degree of 
Night sweats activity of the process 
Dyspnea 


Reflex symptoms and signs 
Hoarseness and cough 
Frequent colds 
Gastrointestinal symptoms 
Constipation or diarrhea 
Pain in the thorax 
Shoulder droop 
Concave shoulder crest 
Prominent clavicle 
Sloping clavicle 
Hilum dimple 
Deficient expansion 

Apex 

Base 
Spinal deformity 
Muscular tension 
Flattening of chest 
Skin sensitiveness 


Indicate an inflammatory process in the 
lung; most of them refer to the apex. 
Consist of peripheral nerve stimuli from 
spinal segments that supply visceral 
nerves to the lung. Reference of tuber- 
culosis from these signs depends on the 
rarity of other lesions in the apex 


Local symptoms and signs 
Hemoptysis 
Pleurisy 
Cough with expectoration 
Increased vocal resonance 
Increased whispered resonance 4 
Diminished percussion resonance 
Unilateral narrowed isthmus 
Moisture in apex 
Bronchial breathing 
Rales 


Indicate infiltrative or destructive process 
in the lung. Differentiate from bronchi- 
ectasis, pulmonary abscess, chronic bron- 
chitis, pneumonia, empyema, etc. 


eee stapes An occasional acid-fast bacillus on a slide 


Tubercle bacilli in sputum 
X-ray does not necessarily mean an infection 


A diagnosis of tuberculosis was made on the basis of the presence 
of important signs and symptoms belonging to the toxic, reflex, and 
local groups. The presence of the specific group was not considered 
essential. If the diagnosis could be checked up by specific findings, 
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TABLE 2 


Signs and symptoms in order of frequency of occurrence 


NUMBER OF 
CASES PER CENT 


39 
39 
37 
34 
32 
30 
28 
27 
25 
25 
23 
23 
23 
23 
22 
21 
20 
18 
18 
16 
14 


Early fatigue 

Diminished resonance in apex 
Loss of weight 

RAles, moisture, or both 


Night sweats 

Restricted expansion of apex 
Poor appetite 

Tachycardia 

Pain in thorax 

Dyspnea 

Bronchial breathing 
Unilateral narrowed isthmus 
Increased whispered resonance 
Moisture 


Constipation 
Gastrointestinal symptoms 
Shoulder droop 

Restricted expansion of base 
Hoarseness 


Sloping clavicle 

Unilateral skin hypersensitiveness 
Diarrhea 

Concave shoulder crest 

Kyphosis 
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it was that much more certain. However, when specific signs are 
present, the process is already considerably advanced; and our endeavor 
is to make a study of the diagnosis of the process before such an ad- 


vanced stage is reached. 
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The diagnosis was not made unless all three groups were represented, 
except in one case, which lacked reflex findings. This case had been 
diagnosed as tuberculosis in a military hospital, pronounced arrested, 
and now showed signs of renewed activity. 

The occurrence of the clinical findings in order of their frequency in 
the fifty cases, is given in table 2. 

It will be noted that there is no symptom or sign which was present 
in every case. Conversely, it may be stated that there is no sign or 
symptom which is essential to a diagnosis of pulmonary tuberculosis. 
On the contrary, one must endeavor, from the findings which are present, 
to form an estimate of the pathological process which causes them. 
It may safely be stated that no two cases present the same picture. 

The first fourteen items listed contain the entire toxic group; no 
toxic symptom is present in less than 46 per cent of the cases. Table 
3 states in a different way the greater importance of the toxic group. 


TABLE 3 


“CONCENTRATION” 
OF THE GROUP IN 
THE SERIES 


GROUP NUMBER OF SYMP- NUMBER OF TIMES 
TOMS INCLUDED FOUND IN SERIES 


2 27 14 


The number of times each group occurred, divided by the number 
of symptoms represented in each group, gives the figure in the last 
column of table 3. The toxic group predominates. The main sig- 
nificance of this is that the patient is sick. The pathological changes 
must be localized by means of other findings. It is my opinion that 
afternoon fever would have been found in a greater number of cases if 
there had been opportunity to study all the cases over a greater length 
of - time. 

In explanation of table 4, it may be said that the number of symptoms 
included in a group is purely arbitrary with the examiner. Therefore, 
the total number of times a group occurs, cannot be taken as repre- 
senting its importance, for, in that way, a group with a large number of 
" items, such as the reflex group, would readily predominate over one 
with a small number of items, such as the laboratory. Therefore, the 
total number of times a group occurred is divided by the number of 
items in the group, giving the average number of occurrences per group. 
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Diminished resonance in the apex has a maximum frequency of 
occurrence. It must be emphasized that in eliciting this sign, very 
light percussion must be used. The elements in the percussion sound 
are the vibration of the chest wall and the vibration of the pulmonary 
air. In incipient cases, we are searching for a small area, the consistence 
of which has changed only very slightly. Heavy percussion will 
vibrate a large portion of the lung, and obliterate all slight changes in 
the response of the tissues to the stroke. The change in the percussion 
note is due to alterations in the tone of the tissues of the chest wall, 
as well as to change of consistency in the lung itself. Only delicate 
percussion and a finely trained ear can bring out these small differences, 


TABLE 4 


AVERAGE NUMBER 
NUMBER OF SYMP- NUMBER OF TIMES OF TIMES PER 


SYMPTOM GROUP 
TOMS IN GROUP FOR THE GROUP SYMPTOM 


343 19 


Palpation 11 
Auscultation 129 
Laboratory 27 13 


Symptoms arranged in order of frequency of occurrence: 
Percussion 
Auscultation 
History 
Laboratory 
Inspection 
Palpation 


In this series of examinations, the fine, subcrepitant crackling, brought 
on during an inspiration following a complete emptying of the alveoli, 
has been differentiated from coarser, more clearly distinguished rales. 
The percentage of cases in which one or the other or both of these 
findings occurred is 68; this can therefore be considered as an important 
finding. But it will be noted that it is by no means essential. The 
absence of rales or moisture will not necessarily rule out tuberculosis 
from the diagnosis. 

The percentage of occurrence of cough is given as 64; I think that 
this would be higher if the patients could be observed more closely, 
or the accounts of their friends obtained. The slight reflex cough 
of early tuberculosis often goes unnoticed by the patient himself. 
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Scoliosis and kyphosis are fairly frequent findings. These do not 
include cases in which actual spinal caries or arthritis were present; 
no such cases are included in this series. The cases reported represent 
only those in which loss of tone in the muscles of the back has caused 
a slight deformity; or an inequality of the muscle action, increased tone 
here and decreased there, has drawn the vertebral column out of its 
normal shape. I consider this an important diagnostic sign. 

In making the comparisons suggested by table 5, it must be kept in 
mind that the personal equation of the internist and the roentgenologist 
making the examination exercises some influence on the exact figures. 


TABLE 5 
X-ray examinations of the chest, 21 cases 

The percentages which follow are based on the number of cases in which both physical 
and X-ray examinations were made: 


PER CENT 
Physical and X-ray diagnosis agreed exactly................. 15 71 
Active by physical and inactive by X-ray............0..2000- 4 19 
Agreed on positive diagnosis without reference to activity..... 19 90 
Active by physical and negative by X-ray..............2005- 2 9 
Active by X-ray and negative by physical.................6- 0 0 


TABLE 6 
Occurrence of tubercle bacilli 


PER CENT 
Tubescle bacilli found in sputum, 8 16 
Sputum negative for tubercle 19 38 
Tuberculosis indicated by sputum, not by physical examination 0 0 


We all realize that arriving at a diagnosis from a physical examination 
does not hang definitely on sharp distinctions; it consists of a verdict 
arrived at, after weigh’ng the evidence pro and con. We sometimes 
lose sight of the fact that an X-ray diagnosis represents the same proc- 
ess; it is mentally in no way different from a physical diagnosis, based 
on an opinion derived from the consideration of objective findings. A 
case pronounced negative by the X-ray and positive by physical exami- 
nation may be interpreted in any of the following ways: Roentgenolo- 
gist failed to find or interpret signs actually present on the plate; intern- 
ist too enthusiastic; both off the track; or, as I have done in this case, 
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physical signs if carefully sought and interpreted with the proper train- 
ing, may, in individual cases, appear before the pathological process in 
the lung is sufficiently advanced to produce any change in the X-ray 
shadow. It will be noted that the converse, failure to find physical 
signs in a case pronounced positive by the X-ray, has not occurred in 
this series. 

Table 6 merely confirms the old maxim that a negative finding in 
sputum examination for tubercle bacilli means nothing, even though 
frequently repeated; a positive finding checks up our diagnosis. This 
latter statement must, however, be somewhat qualified. A single acid- 
fast bacillus, or even an occasional one, is by no means a certain proof of 
pulmonary infection. An all-night search of a slide by the interne, 
and the triumphant finding of a single red bacillus, is by no means the 
triumph that it may seem. Acid-fast bacilli, nontuberculous, occur 
in tap water and in the mouth. Tubercle bacilli may be present in 
the mouth and throat, with or without the presence of local infection, 
and in the absence of pulmonary infection. Artefacts may closely 
resemble tubercle bacilli; knowledge of the morphology and grouping 
of the organism is necessary to be certain of the diagnosis. 

The above table also calls attention to the fact that not even the 
presence of sputum is essential in making the diagnosis. In fact, the 
presence of sputum, unless referable to an intercurrent bronchitis, means 
a case considerably advanced. | 

The percentages of previous history and family history are probably 
much smaller than they would be, if the actual facts could be ascertained. 
A patient will remember if he has been told by a physician that he has 
tuberculosis; but he will not remember various symptoms that might 
have occurred in the past, indicating a flare-up of a chronic condition. 
These conditions are probably more frequent than we at present believe, 
recovering spontaneously, or under treatment for something else; and 
only those sufficiently susceptible progressing to an advanced stage. 
For that reason, especially, I believe that the treatment of an ad- 
vanced case is a fight against unequal odds, representing, as it does, a 
patient who has susceptibility greater than most of us. Exceptions to 
this statement will be found in cases contracting the disease after un- 
usual exposure, such as that presented by military life. 

The family history is-also incomplete, as it was not possible to 
interrogate anyone except the patient himself in any of the cases. 
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In regard to the influenza cases, two aspects are apparent. Our 
modern conception of the tuberculous individual considers him as 
carrying the infection in a latent state, ever since his childhood. Very 


TABLE 7 


Previous history and family history of tuberculosis 


NUMBER OF 


CASES PER CENT 


Previous history of tuberculosis 11 

Family history of tuberculosis. . 

Previous illness (possible veletion 
Influenza 


Cerebrospinal meningitis 
Associated conditions 
Tonsillitis 
Organic heart disease 
Rheumatism (chronic arthritis) 
Chronic peritonitis 
Pes planus.. 
Sinusitis, 
Tuberculous lymph nodes of the neck.................-- 


PO 


TABLE 8 
Leading symptoms 


PER CENT 


“Weakness,” malaise, early fatigue 
. Pain in the chest 
. Productive cough 
. Loss of weight 
. Gastrointestinal symptoms............. 
. Hemoptysis 
. Discovered during course of routine examination......... 
. Hoarseness 
. Pain and weakness in back 
. Headache.......... 
. Previously diagnosed 


DW 


often, he is just a little below par physically; his resistance is not what 
it ought to be. He is the very first one to contract any infection that 
comes along. On the other hand, the extreme prostration following 
cases of influenza can readily be understood as causing a flare-up of 


22 
4 
20 
1 12 24 
2 10 20 
3 10 
10 
5 10 
6 6 
7 6 
8 6 
9 4 
10 2 
11 2 
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mediastinal infection, which otherwise might-never have been disturbed. 
The only influence that can be ascribed to the other diseases, mentioned 
in the table, is that of lowering the general resistance. 

Table 8 presents the leading symptoms in order of frequency of 
occurrence: 

These are the causes that actually impelled the patient to seek 
medical help. The first four are suggestive of tuberculosis, even to the 
lay mind, and the doctor usually examines the lungs carefully when a 
patient complains of them. Gastrointestinal, nasopharyngeal and 
neurotic symptoms should become just as definitely suggestive in the 
physician’s mind of tuberculosis, as are cough and emaciation. 


TABLE 9 


Results of treatment 


NUMBER OF 


CASES PER CENT 


Treated 16 32 


Not improved 


Improved 
Not improved 


While it is not the aim of this paper to discuss treatment, table 9 is 
presented to show what can be done, even under unfavorable circum- 
stances. It was impossible for me to control any but a very few of 
these cases. My influence over them was not that of a physician over a 
private patient; owing to the amount of work the office entailed, I was 
unable to become intimately acquainted with every man, I was limited 
by the formalities of the service in carrying out some of the measures 
I should have desired; and it was especially difficult to get patients 
to continue treatment. They were usually interested in securing 
compensation and, when this was achieved, their interest in my office 
ceased. 


1 2 
2 4 
13 26 
11 22 
4 
1 2 
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Only in one case is improvement of an untreated case shown. How- 
ever, it is interesting to speculate what would be the result of an investi- 
gation of the 50 per cent that passed from observation. The very fact 
that they were no longer heard of, suggests that a considerable per- 
centage of them experienced no further trouble. This would be expected 
a priort in accordance with the modern idea, that tuberculosis is a 
condition common to most of us, but is rapidly progressive in only a 
few (in reality very many) exceptionally susceptible cases. Careful 
observation is gradually bringing out the fact that this chronic condi- 
tion occasionally flares up, and again subsides. 

In conclusion it may be said that physical examination is the most 
important of the methods at our disposal for the recognition of early 
tuberculosis of the lungs. Physical examination increases in value with 
the increasing skill of the examiner. It is a method which requires 
long and patient practice. The delicate percussion stroke, the hearing 
of the slight crackling due to moisture, the detection of slight differences 
in skin tone and muscle tension, cannot be accomplished by an examiner 
attempting it for the first time. Yet, it is worth cultivating; it means 
the detection of cases early enough to benefit them by treatment. 


THE MUSCULATURE OF THE FINER DIVISIONS OF THE 
BRONCHIAL TREE AND ITS RELATION TO CERTAIN 
PATHOLOGICAL CONDITIONS! 


WILLIAM SNOW MILLER 


From the Anatomical Laboratory of the University of Wisconsin 


It is not the purpose of the present paper to enter into a detailed 
description of the bronchial tree; only so much as is necessary to 
elucidate the topic under consideration will be outlined. 

The trachea divides into the right and left bronchus which, with 
their branches, are distributed to the right and left lung. On the right 
side the bronchus divides into three principal branches which corre- 
spond to the normal lobation of the right lung; on the left side the bron- 
chus divides into two principal branches which correspond to the 
lobation of the left lung. Variations from this normal division are of 
frequent occurrence. Followed deeper into the lung it will be found that 
bronchi of the second, third, and fourth orders can be recognized; these 
are followed by bronchioli of various orders, and last of all by the duc- 
tuli alveolares (alveolar ducts). 

The musculature of the trachea and of the carina tracheae have 
been described elsewhere by the author. There remains for considera- 
tion the musculature of the cartilaginous bronchi and bronchioli, and 
that of the noncartilaginous bronchioli and of the ductuli alveolares. 
For the present the musculature of the cartilaginous bronchi and 
bronchioli will be passed over, for it presents problems peculiar to it- 
self; only the musculature of the noncartilaginous bronchioli and of 
the ductuli alveolares together with its relation to the parenchyma of 
the lung will be considered. ‘ 


The earliest description of the musculature of the bronchi was given 
by Reisseisen. He described it as being attached to the bronchial 
cartilages and spreading out so as to fill the spaces between the carti- 
lages. The muscle did not disappear at the point where the cartilages 


1 The greater part of this work was accomplished through the aid of a special fund furnished 
by the National Tuberculosis Association. 
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ceased to be present; but it could be followed by means of a dissecting 
lens, especially in the lungs of an adult, robust man, as far as it was 
possible to open a bronchial tube with a scalpel. Reisseisen inferred 
from this that it extends to the ultimate end of the bronchial tube. 
_ Because he gave the primary description of the bronchial musculature, 
later investigators have frequently called it the Muscle of Reisseisen. 

Following Reisseisen there is a long list of investigators who have 
made mention of the muscle and have given various descriptions of its 
arrangement. From this list the descriptions given by the following 
authors have been selected as the best representatives of the diverse 
opinions. 

E. Schultz describes the muscle as forming a completely closed layer. 
Frankenhiuser describes the muscle as a Ringmuskelschicht, which 
forms in the human lung a muscular tube with only occasional breaks 
in its continuity. F. E. Schulze describes the muscle as’ consisting of 
smooth muscle fibres that pursue a circular course; but he adds that 
toward the end of the terminal branch, the layer gradually grows thinner 
and finally breaks up into individual ring bands, which are separated 
from each other by more or less broad fissures. These bands often con- 
sist of only a single layer of muscular cells, but are at the same time 
interwoven with delicate elastic fibres which traverse them at right 
angles. 

Toldt gives a more detailed description of the muscular layer. He 
describes the muscle as forming a completely closed layer in the bronchi 
of the cat; but the walls of the bronchi in man also have smooth muscle 
bundles in their entire circumference. They are situated just beneath 
the tunica propria of the mucosa and form a connected but not a com- 
plete layer. Their arrangement is lattice-like (gétterférmige), as can 
be best demonstrated in bronchi which have been cut open and spread . 
out flat. The muscle is arranged in flat bundles, which have, in general, 
a nearly transverse course and unite to forth a network. Between 
these bundles there are spaces; bounded by acute angles, which are 
situated transverse to the long axis of the bronchi. When the bronchi 
are cut transversely the muscle layer appears here and there to be 
interrupted and the smooth muscle bundles are cut, not in a true longi- 
tudinal direction, but more or less obliquely. In the smallest inter- 
lobular bronchi the muscle bundles dre thin, and consist of only a few 
cells and are much further apart; however, they still surround the 
entire circumference of the bronchial tube. 
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Sappey describes the muscle as being continuous, and compares it to 
the circular layer of muscle in the intestinal wall. The latest study of 
the bronchial musculature is that of Dubreuil and Lamarque. They 
studied the musculature of the bronchi in the human lung and that of 
various domestic animals. They give an illustration of the network of 
smooth muscle in an ‘alveolar canal” from the lung of an ox. The 
muscle is described as a plexiform sphincter and, according to their 
illustration, the rather coarse mesh of the network is elongated parallel 
to the long axis of the alveolar duct. They support the statement made 
by Rindfleisch that muscle is present in the walls of the air sacs and 


alveoli. 


In the following study use has been made of the lung of the guinea 
pig, the cat, the dog, and man. Figure 1 shows a section from the 
‘ung of a guinea pig in which a cartilaginous bronchiolus, 0.165 mm. in 
diameter, is cut in such a plane that the muscle bands are divided 
somewhat obliquely, while in one of its branches, 0.125 mm. in diameter, 
only a portion of the upper segment of the bronchiolus is included in 
the section, and this shows the bands of muscle arching over the wall of 
the bronchiolus. 

The bands have an average thickness of 0.03 mm., and they vary 
from 0.01 mm. to 0.0265 mm. in width. The bronchiolus is contracted 
and this accounts for the close approximation of the bands. A careful 
examination of the microphotograph will, however, show the branching 
and anastomosing of the muscle bands. The lung of the guinea pig 
contains, proportionally, a larger amount of smooth muscle than that 
of any other animal I have studied. It is the presence of this large 
amount of muscle in the bronchial tree and in the pleura that makes the 
lung of the guinea pig so difficult to distend. 

Figure 2 is a photomicrograph of a section of a noncartilaginous 
bronchiolus, 0.65 mm. in diameter, from the human lung. The plane 
of the section is such that the muscle bands are seen extending across 
the lower wall of the bronchiolus. These bands are not as closely applied 
to one another as those in figure 1, because the bronchiolus is extended 
and not contracted; this permits the branching and anastomosing of the 
bands of muscle to be more clearly seen. The bands vary from 0.02 
mm. to 0.03 mm. in thickness and from 0.008 mm. to 0.05 mm. in width. 

In the lower portion of the figure the muscle bands are obscured by 
the extensive pigmentation. It was on account of the large amount of 
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Fic. 1. MuscLteE BANDs IN A BRONCHIOLUS FROM THE LUNG oF A GUINEA Pic. X 120 
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Fic. 2. MuscLeE BANDs IN A BRONCHIOLUS FROM THE HumAN LunGc. X 120 


ons 44 


Fic. 3. RECONSTRUCTION OF A BRONCHIOLUS WITH ITS MUSCLE, AND ITS SUBDIVISIONS, 
FROM THE LUNG oF A DoG 


B. R., Bronchiolus respiratorius. D. A., Ductulus alveolaris. A., Three atria, two of 
which have been cut off; a fourth atrium does not appear in the photograph. S. A., Air 
sacs, one of which has been cut off. X 125 and reduced to 10. 
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Fic. 4. SAME RECONSTRUCTION AS FIGURE 3 


See legend accompanying figure 3 
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pigmentation present in such human lungs as were ava lable that the 
study was transferred to the dog’s lung. Numerous comparative 
studies have shown that there is practically no difference in the arrange- 
ment of the muscle in the two lungs. 

Figures 3 and 4 show two views of a reconstruction, from a dog’s 
lung, of the musculature of a noncartilaginous bronchiolus, 0.565 mm. 
in diameter, its branches, and its termination in a primary lobule 
(anatomical unit), of which only a single air sac is shown completely 
reconstructed. All of the muscle bands were drawn by means of the 
camera lucida and placed on the model in as near their original position 
as possible. By this method the width of the muscle bands, their 
thickness, their relation to each other, their relation to the places where 
branches were given off from the bronchiolus, and the distance to 
which muscle extended in the lung was ascertained. 

As was the case with the bronchiolus illustrated in figure 2, this 
bronchiolus is extended; it is in the condition of full inspiration. The 
angle at which the muscle bands diverge from each other shows a marked 
contrast to those in figure 1 and it also shows the advantage of studying 
the lung in the condition of full inspiration. The tendency of the 
muscle bands to have more or less of a triangular arrangement at the 
place where branches are given off is easily made out in both figures 3 
and 4. This arrangement is quite characteristic and has, probably, a 
‘direct relationship to the arrangement of the elastic fibres at this point. 
The problem which this arrangement opens up cannot be discussed at 
the present time; it is being worked out by one of my students and the 
results will be reported in detail at some future time. 

When the subdivision of the bronchiolus B. R. (figs. 3 and 4) is reached 
the character of the bronchiolus changes. Up to this point its walls 
have been intact, but now alveoli push their way between the muscle 
bands, which form a sphincter about their opening into the bronchiolus, 
and give the bronchiolus a nodular appearance. The presence of these 
alveoli along the bronchiolus occasions the name bronchiolus respira- 
torius to be given to this portion of the bronchiolus; that is, a bronchiolus 
which takes part in the act of respiration and has alveoli opening out 
from its lumen. 

That portion of the bronchial tree situated distal to the bronchiolus 
respiratorius (D. A.., figs. 3 and 4) is known as the ductulus alveolaris and is 
the last division of the bronchial tree. Each ductulus alveolaris and 
the air spaces into which it breaks up constitute the anatomical unit 
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(primary lobule) of the lung. A ductulus alveolaris differs from a 
bronchiolus respiratorius in that it is of smaller diameter and has a 
greater number of alveoli connected with it which, like® the alveoli 
connected with the bronchiolus respiratorius, have a_ sphincter-like 
arrangement of muscle about their opening into the ductulus alveolaris. 

Authors, in general, fail to distinguish between an alveolus belonging: 
to a bronchiolus respiratorius or to a ductulus alveolaris and one be- 
longing to an atrium or to an air sac. The former is an alveolus which 
communicates with the lumen of an air tube and, because of the 
arrangement of the muscle bands, has a greater or less amount of 
muscle in the knob, inverted T, or head of a cane shaped wall which 
forms the boundary of its opening into the air tube. The muscle 
belongs to the air tube and not to the alveolus. 

In individual sections which have been cut in such a plane as to 
include the alveoli of an air tube, but not the air tube itself, it is not 
improbable that the presence of muscle has led to the statement that 
muscle is present in the walls of the air spaces. The same may be 
true of alveoli belonging to air sacs which abut against a bronchiolus 
when they are cut in such a plane that only the muscle of the bron- 
chiolus is included in the section. This has probably led to the state. 
ment that muscle bands penetrate to the bottom of the alveoli. Keep- 
ing in mind the fact that the “infundibulum” of the older authors 
included an atrium and an air sac, the conditions outlined above explain 
the statement made by Rindfleisch that “the circular bundles of the 
muscular fibres of the smallest bronchioles send into the orifice of the 
infundibula some partial prolongations which penetrate to the bottom 
of them.” If, however, serial sections are made use of (and they 
should be in studying the structure of the lung) the proper relation of the 
muscle will at once be recognized. 

At the distal end of the ductuli alveolares the bands of muscle (best 
seen in fig. 3) form a sphincter about the openings leading into the atria. 
These sphincters undoubtedly play an important role in asthma. In 
normal respiration the opening is of such a size that the air passes un- 
impeded in and out of the atria and air sacs. When, however, contrac- 
tion of these muscles takes place the size of the opening is much reduced. 
The muscles of inspiration reduce the intrathoracic pressure and permit 
the air to rush with considerable violence into the air spaces and they 
become distended. Due to the narrowing of the opening, the air can 
not be emptied from the air spaces as readily as under normal conditions. 
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A larger amount of residual air than normal remains. With each 
succeeding inspiration more air accumulates and the air spaces be- 
come still further dilated. The muscles of expiration are not as 
powerful as those of inspiration and the normal elasticity of the lung 
being overcome, the air accumulates behind the contracted opening 
leading into the atria. It is not improbable that there is also a tonic 
contraction of the muscle in the walls of the bronchioli respiratorii and 
ductuli alveolares which causes a reduction of their lumina. With the 
relaxation of the contracted muscle, the opening dilates and, the air 
flowing out freely, the overdistention of the air spaces is relieved and 
the attack is almost instantaneously over. 

Distal to the sphincters about the openings leading into the atria, 
no muscle was found. As stated when describing the muscle about the 
alveoli opening out of the bronchioli respiratorii and ductuli alveolares, 
the muscle bands which form these sphincters belong to the musculature 
of the bronchial tree and not to the atria. 

In longitudinal sections of those bronchioli which are found in the 
fibrous scar tissue of “healed tuberculosis” at the apex of the lung, where 
the apex has contracted, small herniae of the mucosa lined with columnar 
or cuboidal epithelium are often seen. If studied carefully, it will be 
found that at the point where one of these herniae breaks through the 
wall of the bronchiolus, there is, on either side, one of these muscle 
bands cut transversely. The hernia has broken through at the point 
of least resistance. In transverse sections of the bronchioli they are 
not as readily recognized as in longitudinal sections. These herniae 
constitute, in one sense of the word, the beginning of a bronchiectasis, 
not the tubular dilatation, but the sacular dilatations that sometimes 
present a bead-like appearance along the course of the bronchioli and 
are the starting point of those cavernous spaces which open into the 
lateral wall of a bronchiolus. 

Figure 5 is a diagrammatic outline of a median section through the 
reconstruction shown in figure 3, and gives the diameter in millimetres 
of its various divisions. At the lower end of the bronchiolus, where it 
is 0.565 mm. in diameter, the muscle bands are 0.022 mm. in thickness; 
in the ductulus alveolaris, which measures 0.192 mm. in diameter, the 
muscle bands are 0.013 mm. in thickness. While the bronchiolus has 
diminished about 65 per cent in diameter, the muscle has diminished 
only about 43 per cent in thickness. These results follow closely those 
obtained by Grancher, who found that in bronchi 10 mm. in diameter 
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Fic. 5. DIAGRAMMATIC SECTION THROUGH FicGurRE 3 


Diameter measurements given in millimetres 
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the muscle was 0.2 mm. in thickness, while in bronchioli 1 mm. in diam- 
eter the muscle was 0.1 mm. in thickness. In other words the muscle 
bands were five times as strong in a bronchiolus 1 mm. in diameter as 
in a bronchus 10 mm. in diameter. 

In a series of sections of an injected dog’s lung, which was cut after 
the reconstruction was completed, the section shown in the photomicro- 
graph, reproduced as figure 6, was found. It is of interest in that it 
shows nearly all of the divisions of the bronchial tree that enter into 
the reconstruction. If the curve of the two be compared (figs. 4 and 6) 
it will be found that they correspond quite closely. With a strong 
reading glass a few of the muscle bands situated in the lower wall of 
the bronchiolus can be made out. 

The arrangement of the muscle bands, as described above, suggests 
an explanation of certain changes which occur in the bronchial tree 
during expiration and inspiration. In figure 7, photographs of Wood’s 
metal corrosions of the lower right lobe of the lungs of two dogs, of 
the same size and weight, are shown. In B, the lung was completely 
collapsed. The injection mass penetrated only a short distance into 
the lateral and dorsal branches of the main stem bronchus from which 
they are given off at an acute angle. Both the main stem bronchus 
and its branches have the appearance of being somewhat increased in 
diameter; this is especially noticeable in the main stem bronchus. In 
A, the lung was placed in a glass jar and the air was exhausted. When 
the lung was in the condition of full inspiration Wood’s metal was 
injected. Not all the air spaces were filled with the injection mass. 
This incompleteness, however, makes the corrosion all the more interest- 
ing, for it permits a better insight into what has taken place with the 
dilation of the air spaces. When compared with B, it will be seen 
that the angle formed by the lateral and dorsal branches with the main 
stem bronchus has been greatly increased. This increase of the angle 
provides space for the expansion of the air spaces and, as a result, it 
can be seen that some of the smaller bronchioli with their atria and air 
sacs have been filled with the injection mass. Not only has the angle 
at which the branches leave the main stem bronchus become wider, 
but both the branches and the main stem bronchus have also elongated 
and become somewhat reduced in diameter. 

When the mechanism of inspiration is taken into consideration we 
find an explanation of the changes which have been noted in connection 
with the bronchi and bronchioli. With the descent of the diaphragm 
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Fic. 6. PHOTOMICROGRAPH OF A SECTION FROM A Doc’s LUNG 


Compare with figure 4 
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and the expansion of the inferior aperture of the thorax the lungs have 
followed the downward movement of the diaphragm and the pressure of 
the outside atmosphere has caused an influx of air, which has filled the 
airspaces that have been emptied to a greater or less degree by the 
normal elasticity of the lung and by the shutting together of the bronchi 
and bronchioli. It has seemed from a study of a number of corrosion 
preparations that there is a greater amount of expansion, proportionally, 
along the diaphragmatic surface of the lung than-at the apex. Just 
how much difference there is cannot be stated at present; the subject 
needs further study. 

When the action of these bands of muscle is studied it will be found 
that the arrangement is such that provision is made for the elongation 
of the bronchi and bronchioli during inspiration and the subsequent 
shortening during expiration. The movement may be roughly com- 
pared to that which takes place in the opening and closing of the so 
called “lazy tongs,” the anastomosing bands forming a geodesic net- 
work. 

If figure 1 be compared with figures 3 and 4, the changed relationship 
of the muscle bands in a contracted bronchiolus and in an extended 
bronchiolus can be readily seen. That the action of the bronchial 
musculature in expiration is not passive, but active, seems quite clear, 
and its action in regulating the tension of the air within the atria and 
air sacs deserves much more attention than physiologists have given to it. 


SUMMARY 


The bronchial musculature 's not arranged in the form of distinct 
bands which encircle the bronchi and bronchioli, neither is it in the 
form of a continuous sheet, but it is in the form of a network. This 
network is made up of geodesic bands which prevent any tangential 
motion, and in this way provide for the greatest amount of strength 
and at the same time permit the greatest amount of extension and con- 
traction of the bronchioli and their subsequent subdivisions. 

The muscle bands form a sphincter about the openings of the alveoli 
into the bronchioli respiratorii and ductuli alveolares; they also form 
a sphincter about the openings leading into the atria. These bands 
belong to the musculature of the bronchial tree and not to the air 
spaces. 
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Distal to the openings leading into the atria no muscle has been 
found. There is no muscle in the walls of the air spaces. 

The size and position of the lungs is constantly changing with the 
respiratory movements. If the condition of the lungs at the end of a 
normal expiration be taken as a starting point it wil: be found that in 
the act of inspiration they increase in extent, especially that portion 
of each lung that is directly influenced by the descent of the diaphragm. 
This increase in size has its influence on the bronchial tree and espe- 
cially on the smaller bronchi, the bronchioli, and their subdivision. 

In extreme expiration the dorsal and lateral branches form an acute 
angle with the main stem bronchus, while in inspiration they open out, 
the angle becomes wider and at the same time they elongate. This 
change is necessary in order that provision may be made for the expan- 
sion of the air spaces. 

The action of the bronchial musculature in expiration is active rather 


than passive. 
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CHEMICAL PROBLEMS IN THE BACTERIOLOGY OF THE 
TUBERCLE BACILLUS! . 


ESMOND R. LONG 
Department of Pathology, University of Chicago, and the Otho S. A. Sprague Memorial Institute 


An able investigator, Dr. Kendall, once defined bacteria, or partially 
defined them, as chemical reagents. The characterization is by no 
means far fetched, as we see when we stop to consider the multitude of 
reactions carried out sharply and completely by different bacteria, 
reactions duplicated exactly by ordinary analytical methods with com- 
mon chemical reagents in the laboratory Consider the phenomenon of 
deaminization. If I add to the substance alanine, which has an amino 
or NH: group in its structure, a small amount of nitrous acid and warm 
the mixture, nitrogen is split off and a hydroxyl group substituted. The 
process is deaminization. The same end result may be secured through 
the action of a great variety of bacteria. Just how they accomplish 
the result we do not know. We speak somewhat vaguely of enzyme 
action, with notions far from clear on intermediate steps; yet the end 
result we know with certainty. 

Take for another example the production of histamine from histidine. 
The latter is an amino acid and like all amino acids contains a carboxyl 
or COOH group. Under the action of some bacteria, notably certain 
strains of B. coli, CO; is split off and imid-azol-ethylamine produced, 
histamine, one of the most potent poisons known. Some of the same 
product may be produced from histidine in the laboratory by the simple 
process of dry distillation, CO, being split off at the high temperature. 

Or consider the action of common yeast on dextrose. Through the 
enzyme action of the yeast we have produced—if we agree with Neuberg 
—pyruvic acid and atomic hydrogen. From the former, carbon dioxide 
is evolved with the production of acetaldehyde, which in turn is reduced 
by the aforesaid hydrogen with the production of ethyl alcohol,—no 
mean accomplishment for any chemist these days. 


1 Read at a joint session of the Clinical and Pathological Sections, at the Seventeenth 
Annual Meeting of the National Tuberculosis Association, New York City, June 16, 1921. 


705 


706 ESMOND R. LONG 


Now much as I respect the analytical powers of bacteria Iam more 
profoundly impressed by their aptitude for the reverse process, synthesis, 
their power of building up complex structures from the simplest of 
materials. I think of them as chemical machines especially adapted 
for synthesis on a grand scale. Of course, this ability is common to all 
forms of life from a baby down, but,the process is followed more readily 
in the simple unicellular forms. The characterization as chemical 
machinery for synthesis holds for parasites and saprophytes, the dif- 
ference in the two. being entirely in. their reaction to environment. If 
I may attempt a definition, too, I will say that a parasite isa mixture 
of proteins, capable of synthesizing more protein within the tissues of a 
living being; protein being the substance, according to the best informa- 
tion available at the present time, characteristic of life; and the rapid ° 
construction of that protein by small masses of the original protein 
constitutes virulence, chemically considered. 

Unfortunately we are unable to catch any of the midstages in this 
remarkable process, although we can detect a good many in the reverse 
process, that of tearing down a protein molecule. We are able to set up 
a chemically well defined meal before a given bacterium, and determine 
with a high degree of accuracy what it takes and what it leaves, and 
then we are able to analyze the product and say—with far less accuracy— 
what it has done with what we provided. But how it put the structure 
together from the simple substances we gave it remains a puzzle. 

I have been interested for some time in the utilization of certain food 
stuffs by the tubercle bacillus. Here is an organism that’ takes us for 
its food material and builds up its peculiar proteins out of the disinte- 
gration products of our proteins. I shall never forget how deeply 
impressed I was, when I was assisting in the work at the Reception 
Hospital at Saranac Lake, at the phenomenon of a twenty year old 
girl bringing up a quart of sputum a day, every one-twelfth oil immersion 
field of which contained hundreds and hundreds of living tubercle 
bacilli. There was synthesis, and parasitism, and virulence. 

Now what is this tubercle bacillus, whose capacity for synthesis is so 
destructive to the human host? Chemically considered it is a mixture 
of proteins, nucleoproteins, and perhaps lipoproteins and glycoproteins, 
in a cell which contains a high amount, as compared with other bacteria, 
of certain peculiar lipoids. Because of this characteristic high fat con- 
tent and its relation to the phenomenon of acid-fastness, an enormous 
amount of work has been done on this phase of the chemistry of the 
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organism, and, I think, in proportion to the time, effort, and money spent 
on it, with the least success. Not that much good work has not been 
done, or that good men have not attacked the problem. I simply mean 
that lipoids are physically of such consistency that most of them have 
never been separated sharply, and purified and identified. But I have 
high hopes in this direction. Dr. Levene, who has done such splendid 
work in this field recently, tells me that we may look forward to the 
elaboration, within a very few more years, of methods which will make 
the analysis of lipoid mixtures a fairly exact procedure. In the mean- 
time we have of course acquired much valuable information, even if it is 
far from complete. We know that the waxy mixture contains a good 
deal of true fat, and a high proportion of an alcohol of high molecular 
weight, called ‘“‘mykol” by Sakae Tamura, and that phosphatids are 
present in considerable amount. I want to know more about these last 
substances, the phosphatids. I believe that the phosphorus problem 
has been highly neglected in bacterial chemistry in general. Here is 
a field which must be carefully cultivated when the new methods arrive. 
I should like to take a vote in this audience to see how many consider . 
the tubercle bacillus of plant, how many of animal nature. I have had 
it in mind for some time to apply certain chemical tests to this organism, 
to gain information on this perhaps academic point. As you all know 
the chemical distinction between plant and animal life is far from ab- 
solute; yet there are some lines on which broad generalizations on dif- 
ferences have been laid down. One of these respects the insoluble 
carbohydrates. In plants, the woody forms of life, we have such sub- 
stances as cellulose, hemicelluloses and starch. In the lower forms of 
animal life, insects, crustaceans, etc., we have, in the hard parts, car- 
bohydrates made up just as in plant life from polymerized small mole- 
cules, but with this difference,—that they contain nitrogen. In them, 
not glucose molecules as in starch, but glucosamine molecules, are 
piled up to make what is known as chitin. Now chitin has been described 
in several bacteria. Iwanoff was among the first to detect it, noting 
its presence in several forms, including the anthrax bacillus. As good 
a man as Ruppel, whose early article on the proteins of the tubercle 
bacillus is classic, suggests that chitin or a similar substance might be 
responsible for the acid-fastness of the organism. Helbing believed 
the same thing. The evidence was poor. But there is a problem to be 
worked out at any rate. Of course everything under the sun has been 
referred to as responsible for the phenomenon of acid-fastness, in 
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almost total neglect, it seems to me, of the well known fact that an ex- 
tremely finely powdered mass of tubercle bacilli ground, let us say, ina 
ball mill, is non-acid-fast. Presumably such a mass contains the same 
chemical constituents as the unground bacilli. The phenomenon of 
colloidal dispersion of the different constituents has not been thoroughly 
taken into account. The problem should be attacked by the physical 
as well as the organic chemists. 

The protein of the tubercle bacillus has been considered essentially 
nucleoprotein. I think more or less inaccuracy has been involved in 
the decision, although there is no question that a good deal is nucleo- 
protein. But the test for nucleoprotein has too often been the presence 
of phosphorus in a crude protein mixture having the solubility character- 
istics of known nucleoproteins. In this connection I may say that just 
the other day in my laboratory we found a substance in defatted tub- 
ercle bacilli, which was rich in phosphorus, was soluble in water and 
alcohol, insoluble in toluene and acetone, and which was organic and 
gave a mercury salt, but gave none of the protein reactions. I was 
. looking at the time for alcohol soluble proteins, which at the present 
time, because of the work of Osborne, are attracting considerable 
attention. 

Some months ago, instead of using phosphorus as the indicator for 
the amount of nucleic acid present, I used substances far more definitely 
characteristic of nucleic acid, namely, the purine bases, and from the 
amounts found calculated that the nucleic acid content of the bacillus 
was between 2 and 3.5 per cent of the dry weight. This was smaller 
than I expected, and led me to believe that a higher proportion than I 
had originally supposed was simple protein. Through the codperation 
of that excellent chemist, Dr. Treat B. Johnson, I expect to have another 
check run on this, using not the purine bases this time but other sub- 
stances also highly characteristic of nucleic acid, the pyrimidine bases. 
Further data on a point I mentioned a few moments ago may be fur- 
nished by this investigation. Curiously enough, as far as we know 
now, there are two distinct nucleic acids and just two, one of these being 
found in plant forms, like yeast and wheat, the other occurring in animal 
tissues, like pancreas or thymus gland, the chromosomes of animal 
nuclei in general presumably. They are a good deal alike. The struc- 
ture is the same. Each is built upon phosphoric acid linked with two 
pyrimidines and two purines by carbohydrate bridges. The purines 
are the same, guanine and adenine, but the pyrimidines vary and the 
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bridge is different. Both forms are said to contain the pyrimidine 
cytosine, but in the plant acid the other pyrimidine is apparently uracil, 
while in the animal form it is thymine. And the carbohydrate bridge is 
in the plant acid a pentose, and in the animal a hexose. Now I am going 
to have the nucleic acid of the bacillus more thoroughly investigated. 
Through the courtesy of Parke, Davis & Co. and Mulford & Co. and 
Dr. Dorset of Washington, I have collected about three kilograms of 
dry tubercle bacilli, which are to be analyzed for certain things. Dr. 
Levene has promised to get out the nucleic acid and determine if its 
sugar is a pentose or a hexose, in series with his other valuable reports 
on nucleic acids. Dr. Johnson will supervise the work of a reliable 
pyrimidine chemist, who also will get out the nucleic acid and determine 
what pyrimidine bases are present init. I may say that the presence of 
thymine has been recorded by several investigators, and cytosine and 
uracil have been looked for, but the results are incomplete and confusing. 
There is desire for much investigation on the proteins present, because, 
of course, the phenomena of hypersensitiveness are the result of protein 
sensitization. It seems ridiculous that having known that fact for years 
we have so far failed to devote much attention to learning of what type 
those proteins are. We know the qualitative composition, to a certain 
extent, of the hydrolyzed proteins—Tamura has furnished us with a 
list of some of the amino acids present—but we do not know what the 
particular types of proteins present are. I plan to use some of my six 
pounds of tubercle bacilli on this problem. 
Leaving the subject of the chemical composition of the tubercle 
bacillus for one with which I have more personal acquaintance, I would 
like to say something about the metabolism of the tubercle bacillus and 
some other acid-fast organisms. One of the best leads I know about in 
this field was furnished fifteen years or more ago by Theobald Smith, 
who noted that in the cultivation of tubercle bacilli on glycerol broth 
the media went through first an alkaline, then an acid phase. These 
changes have not been accurately accounted for chemically; partly, I 
believe, because we have used too complex media for the purpose. 
Commercial peptone is a hopeless mixture of things, and meat extract is 
much worse. I am engaged at the present time in running Theobald 
Smith curves on media of simple, known chemical composition, and try- 
ing now to understand the first or alkaline phase. I can think of just 
three ways in which culture media, glycerol-peptone broth, let us say, 
can become alkaline as the result of bacterial growth. One is by the 


ay 


710 ESMOND R. LONG 


splitting of amino acids or acid amides, which of course make up the 
bulk of peptone, into ammonia and an organic acid, with destruction of 
the acid or its incorporation into bacillary substance, and excretion, 
or at least slower utilization, of ammonia, leaving a preponderance 
of this substance in the medium. 

The second is by the decarboxylation of these amino acids, carbon 
dioxide being driven off and alkaline substances, the amines, being left. 
This theory was quite attractive to me two years ago, because at that 
time I believed the tubercle bacillus would grow on methyl and ethyl 
amines as sources of nitrogen, and thought that it might be by this 
amine route that the corresponding amino acids, namely glycocoll and 
alanine, were broken down. I have since concluded that those results 
were due to impurities, chiefly ammonium chloride, in the preparations, 
and that the tubercle bacillus will not grow on amines, and that therefore 
these are probably not evolved in its katabolism of the amino acids of 
its food supply. The point is one of considerable importance, as the 
amines are very potent substances, physiologically considered. Take 
some examples. In the suprarenal gland we apparently have the amino 
acids, tyrosine and phenylalanine, decarboxylated and otherwise slightly 
modified and converted into the highly active epinephrin. At least one 
investigator believed that the hypophysis decarboxylates some of the 
histidine which reaches it and turns back into the blood stream the very 
important substance histamine. If the tubercle bacillus is one of the 
' decarboxylating organisms, might we not think of the tubercle as a 
ductless gland, also turning into the blood stream some of these decar- 
boxylated amino acids? The idea has received some attention, especially 
with reference to the production of histamine. I have proved that the 
tubercle bacillus is able to use histidine as its sole source of nitrogen, 
and Drs. Koessler and Hanke by their new methods have shown that 
histamine is not produced from histidine present in the medium, but 
that one of the corresponding deaminized organic acids, imidazol- 
propionic, pyruvic or lactic acid, is. These are innocuous substances. 

The third possibility I had in mind to account for the alkaline tide is 
the withdrawal of phosphoric acid from the neutral phosphates present, 
for the construction of nucleoproteins and phospholipins, leaving the 
bases behind. I am convinced that this process plays some rdle, al- 
though it is probably small in comparison with possibility number one, 
which I outlined a moment ago, ammonia production. 
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Before leaving the subject of the Theobald Smith curve I should like 
to describe a simple method of following it, which saves time, and an 
immense amount of incubator space, obviating the necessity for the 
large number of cultures used where titrations are carried out each week. 
The method is not new, a similar one having been first used by Frothing- 
ham. I carry out the procedure as follows: A plaque of tubercle 
bacilli, approximately 1 cm. in diameter, less if necessary, is planted on 
10 cc. of broth in a test tube, 1 inch in diameter, the broth being exactly 
neutral in reaction at the start, being either glycerol-peptone broth or 
a special medium, and containing 0.001 per cent of phenol-sulphone- 
phthalein, which passes through a characteristic series of color changes 
between the hydrogen ion concentrations pH 6.4 and 8.4. At weekly 
intervals the tubes—I run the experiment in quadruplicate—are com- 
pared with standards containing the same concentration of indicator at 
different reactions, and the reaction curve is plotted. When 10 cc. 
amounts are used in well sealed tubes the whole procedure takes about 
two months. Obviously, it is much simpler than the titration method. 
This work is not quite ready for publication, but I may say that for 
H37 and B1 on glycerol broth, respectively human and bovine type 
strains from the Saranac Laboratory, I have secured curves quite com- 
parable to those usually obtained by titration methods. The results on 
media of known composition are not yet as characteristic as I had hoped; 
and yet I believe that it is only by the use of such media that we shall 
ever be able to interpret the phenomenon. With certain saprophytes, 
such as smegma and grass bacilli, where glycerol need not be added, 
where a single amino acid, such as alanine, or acid amide, as propion- 
amide, suffices for both carbon and nitrogen, striking results have already 
been obtained, which will be published in the near future? They 
furnish very clear indications as to the protein metabolism of these 
organisms. 

Inasmuch as the amino acid alanine can be considered as a type form 
for many members of the group, the ring compounds tyrosine, phenyl 
alanine, tryptophane and histidine, being simply substitution products 
of it, Iam concentrating my attention on the products obtained from it, 
being at the present time engaged in the analysis of 2 litres of an 
alanine mixture upon which H37 was grown for one month. I am 
hoping to detect either ammonium lactate or ammonium pyruvate, 


2See this number, p. 715. 
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ammonium propionate and ethyl amine, the other two possible decom- 
position forms, having been apparently ruled out. 

In the investigation on metabolism up to the present time, I have run 
perhaps five thousand cultures of acid-fast organisms on media of known 
composition. Little of this has been published, as I confess that so 
far I have only accumulated many details without being able to es- 
tablish broad general principles with which the details may be correlated. 
Bacteria, while chemical reagents, are very complicated reagents, not 
always of standard purity, so that many times the’expected reaction 
does not take place and is replaced by another. Even so, I believe them 
more reliable reagents in our work than the higher forms of life, such as 
guinea pigs. 

A brief summary of the details which have been observed should 
include the following facts. In general I have found, using human, 
bovine, and avian tubercle bacilli, frog, turtle and fish bacilli, leprosy 
bacilli, smega bacilli, and several strains of grass and mist bacilli, that 
nitrogen is readily abstracted from the amino acids alanine, leucine and 
histidine, and used successfully as the sole source of nitrogen. One con- 
spicuous exception lies in the inability of my two avian strains to utilize 
alanine; they deaminize leucine readily however. The tubercle bacillus 
is able to thrive with alanine, leucine and histidine as sources of nitrogen, 
but not with tryptophane or phenylalanine. It might be thought that 
deaminization of these compounds did occur,. but that growth did not 
proceed because the resultant product was toxic. As you know, one 
theory accounts for the stoppage of bacterial growth in old cultures on 
the ground that a high concentration of toxic products has been reached, 
for example from the tyrosine of the medium, which is nothing more 
than alanine with one hydrogen atom replaced by a molecule of carbolic 
acid, or from phenyl alanine where the replacement is with benzene. 
However, such reasoning cannot explain the failure of the tubercle 
bacillus to grow when pheny] alanine is supplied as the sole source of 
nitrogen, for when alanine is supplied in addition growth does occur. 

As regards the utilization of the carbon in amino acids for structural 
purposes, it may be said that tubercle bacilli are unable to synthesize 
all the carbonaceous portion of their body substance from the material 
left after the abstraction of nitrogen. They need something else, best 
glycerol. Leprosy bacilli can slowly build up their organic body sub- 
stance, all of it, from alanine or leucine. Frog, fish and turtle bacilli do 
the same thing a little better, but seem unable in general to split the 
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ring compounds, such as tyrosine, tryptophane and histidine. The 
same statement may be made of the various grass bacilli, except that 
they do seem to split the imidazol ring of histidine. I am in this case, 
of course, taking it for granted that growth on histidine, as sole source 
of both carbon and nitrogen, means a splitting of the ring, as, naturally, 
proteins cannot be built up simply from piled up histidine molecules, 
and we have no evidence that bacteria take the straight chain for struc- 
tural purposes—I grant they may oxidize it off—and throw the ring 
away. No organism of the group seems able to utilize tryptophane or 
tyrosine as sole source of both nitrogen and carbon. Inasmuch as some 
of the saprophytic acid-fasts are able to thrive on tryptophane and 
phenyl alanine, when glycerol is supplied as an additional source of car- 
bon, I assume that the failure to grow on the ring compounds without 
glycerol indicates the inability of the organisms to split the indol and 
benzene rings. 

As regards the utilization of nitrogen in other forms, I have found 
that propionamide is readily deaminized by all organisms of the group, 
that ammonia is a sufficient source of nitrogen for all members of the 
group, that creatinine, which contains imino, but not amino nitrogen, 
is used for nitrogen fairly readily by smegma and grass bacilli, somewhat 
sparingly by frog, fish and turtle bacilli, less readily still by leprosy 
bacilli, and by tubercle bacilli, as far as I can detect, not atall. Urea, 
which may be thought of as an amino acid amide, is used readily by all 
forms except tubercle bacilli, and turtle and fish bacilli. The ready use 
by leprosy bacilli is noteworthy. 

No study of nutrition nowadays would be complete without a con- 
sideration of vitamines. They have been described as favorable to the 
growth of a variety of bacteria by several investigators. To be brief, 
I have not been able to demonstrate any growth increase with tubercle 
bacilli or other acid-fast organisms following the addition of certain 
market preparations of water-soluble (yeast) vitamine, or at least any 
increase which could not be attributed to the presence of certain useful 
amino acids, any increase which could not be duplicated by the addi- 
tion of an “aminoid” mixture in which no vitamine constituency was 
supposed to be present at all. On the other hand, I have been able to 
prove that certain amino acids are useful per se. You are doubtless 
familiar with the work of Osborne and Mendel and others, who have 
shown that in mammalian metabolism lysine and tryptophane are 
necessary for growth and maintenance. I have been able to show that 
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lysine, while not necessary to the growth of the tubercle bacillus, is at 
least desirable, for when you take two proteins, otherwise fairly similar, 
the one, edestin, containing lysine, the other, gliadin, being practically 
lacking in this substance, and prepare peptones from these and grow 
the tubercle bacillus upon them, you will find that the better growth 
occurs on edestin, the one with the amino acid lysine. 

In conclusion, let me recapitulate the problems that I am considering, 
the study of which is being facilitated by a grant from this association. 
First, there is the type of nucleic acid present: what-are its pyrimidine 
bases and what is its carbohydrate? Second, what sorts of protein are 
present in the tubercle bacillus? Then there is the subject of metabo- 
lism. How is phosphorus used? In the nitrogen metabolism how are 
amino acids broken up and what is the bearing of this breakdown on 
the reaction change of the medium? What happens to the cyclic amino 
acids, those substances from which physiologically active compounds 
are produced so readily? And lastly, a problem I have not yet touched: 
what is the réle of glycerol in synthesis? This is a large order, and yet 
it touches but a few of the problems we must clear up for a moderately 


complete knowledge of the life history of the tubercle bacillus. 
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A METHOD OF FOLLOWING REACTION CHANGES 
IN CULTURES OF ACID-FAST BACTERIA 


ESMOND R. LONG ann AGATHA L. MAJOR 


From the Department of Pathology of the University of Chicago and the Otho S. A. Sprague 
Memorial Institute 


In that graphic expression of acid and alkaline changes taking place 
in the culture media of tubercle bacilli which has for years been des- 
ignated as the Theobald Smith curve (1), we are furnished with highly 
suggestive leads on the metabolism of this organism. From a protein- 
glycerol mixture both alkali and acid are produced at rates more or less 
constant for a given strain. The chemistry of the change has not yet 
been definitely worked out. 

As orginally developed, the method of preparing the curve required 
large numbers of duplicate culture flasks, two or more of which would 
be taken for titration each week and then discarded. About four 
months were required for the complete cycle. The method was thus 
long and tedious, and required a large amount of incubator space for a 
single determination. This was before the days of ready determination 
of reaction by estimation of hydrogen ion concentration 

A few years ago Frothingham (2) followed the reaction change in a 
culture of a human type bacillus, H37 of the Saranac Laboratory, using 
the potentiometer, and obtained a curve comparable to the one usually 
obtained by the old titration method, with a range of reaction which may 
be calculated from his figures as pH 8.15 to 5.52. A little later, the 
same author (3) studied the growth of tubercle bacilli on media to which 
small amounts of indicator had been added. Using brom-cresol-purple, 
he found that glycerol broth culture media of human type bacilli tended 
to become acid, while those of the bovine type remained alkaline. He 
concluded that brom-cresol-purple and litmus may be useful in deter- 
mining H ion concentrations of culture media of tubercle bacilli and in 
distinguishing human and bovine types. 

Recently Dernby (4) determined the limits of growth of a strain of 
tubercle bacillus (horse) as pH 6.0 and 7.6, and the optimum concen- 
tration for growth, pH 6.8 to 7.2. One of us (5) noted initial growth 
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between pH 6.4 and 7.8 for a human type bacillus with no apparent 
inhibition at 5.4 or 7.8. It is thus able to carry on its biological activi- 
ties through a fairly wide range of reaction. 

We submit, herewith, a method similar to the one used by Froth- 
ingham, in which the change in reaction can be followed with a high 
degree of accuracy between the limits pH 6.4 and 8.4, using phenol- 
sulphone-phthalein, which passes through a characteristic series of color 
change within those limits, as indicator. Four test tubes 1 inch wide, 
each containing 10 cc. of glycerol-peptone broth or any other liquid 
medium, neutral in reaction (pH 7.0), plus 0.001 per cent phenol- 
sulphone-phthalein, are inoculated with plaques of tubercle bacilli, 
approximately 0.75 cm. in diameter, sealed with tin foil, and incubated 
at 37.5°C. Once a week the tubes are taken out and the color com- 
pared with standards of known reaction containing the same concentra- 
tion of indicator. We use the Dernby and Avery (6) comparator, 
placing a tube of broth back of the standard when we are determining 
broth reactions, to compensate for the color of the medium. Apparently, 
at this concentration the indicator does not inhibit the growth of these 
organisms. Care must of course be taken that the plaque remains 
floating. The reactions of the four tubes are averaged in plotting the 
curve. 

In developing the method, we have carried out a large number of 
determinations on rapidly growing saprophytic acid-fast organisms as 
well as tubercle bacilli,and have grown these organisms on culture media 
containing a single amino acid or acid amide as the sole source of both 
carbon and nitrogen, from which they must build the entire amount of 
their proteins, lipoids and carbohydrates. We have thus obtained 
considerable light on the metabolism of this group. A series of our 
reaction curves is given in twelve appended charts. The sapropltytes 
were cultivated for about one week and tubercle bacilli for two months. 
By the method it is aimed to save time, trouble and the necessity of. 
running large numbers of bulky cultures for a single curve. 

Three strains of tubercle bacilli and two strains of grass bacilli and 
one of smegma bacillus were studied. One of the grass bacillus strains 
is called ‘‘timothy bacillus” because it has for years gone under that 
name in the Saranac Laboratory stock, to which it was originally supplied 
by Moeller. It differs from the other one in its reaction curve, as is 
seen from the figures, and also in that it is decidedly chromogenic. H3/, 
and B1 are old, but virulent, cultures of human and bovine type tubercle 
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bacilli. H104 is a highly virulent human type tubercle bacillus isolated 
from sputum in June, 1920. As will be noted, the initial reaction varies 
a little; in all cases the intention was to start the experiment at pH 7.0, 
but occasionally autoclaving changed the reaction slightly, and the 
experiment was proceeded with at the new reaction. 


SUMMARY OF RESULTS 


Saprophytes: On glycerol-peptone broth the grass bacillus caused a 
slight acidity, the timothy bacillus a distinct alkalinity, and the smegma 
bacillus little change, in spite of good growth. On alanine the grass 
bacillus caused a distinct acidity, the timothy bacillus a distinct alka- 
linity, and the smegma bacillus little change. It will be noted that the 
results for glycerol-peptone broth and alanine are about the same. This 
is to be expected, in view of the fact that peptone consists almost entirely 
of polymerized amino acids like alanine: the same reaction change 
would result in both from a given cause. The glycerol, highly necessary 
as it is for tubercle bacilli, probably plays little part here, as these or- 
ganisms thrive on peptone alone. On propionamide, which differs from 
alanine in the location of its amino group, all organisms caused a marked 
alkalinity. 

Tubercle bacilli: H37 on glycerol broth gave the curve generally con- 
sidered to be characteristic of human type bacillus, a primary alkalinity 
followed by a progressive acidity. It is to be noted that. the change in 
reaction occurred much sooner than is the case in the flask titration 
method. This is presumably due to the small volume used, 10 cc., 
which would respond quickly to the elaboration of small amounts of 
acid and alkali. We feel that this rapidity is a distinct advantage of the 
method. B1 also gave the curve said to be characteristic for the bovine 
type bacillus, an initially increasing alkalinity, which later decreased, but 
not to the point of neutrality. H104-culture became alkaline and re- 
mained so for two months. No change was to be noted in any of these 
cultures after that time. The curve of H104 was thus not of the classic 
human type. It is simply one of the numerous exceptions. 

The chemistry of these changes will not be gone into at the present 
time, as this paper is of the nature of a preliminary report on method. 
We are concerned now with simplifying old methods and establishing 
that characteristic curves can be secured on simple media of known com- 
position with some organisms. So far, characteristic results for tubercle 
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bacilli on simple media have not been secured. Our problem is to modify 
such media enough to promote good growth and yet not enough to com- 
plicate chemical interpretation. It is the chemistry of-the change which 
we wish to understand, for its bearing on the organism’s metabolism. 


This investigation was aided by a grant from the National Tuberculosis Association. 
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ROENTGENOGRAPHIC PLEURAL ANNULAR SHADOWS 
IN PULMONARY TUBERCULOSIS! 


AN INVESTIGATION OF THEIR CLINICAL SIGNIFICANCE AND A 
HYPOTHETICAL EXPLANATION OF THE MECHANISM 
OF THEIR FORMATION 


J. BURNS AMBERSON, Jr. 


Loomis Sanatorium, Loomis, New York 


During the past five years, refinement of the standards of technique 
and interpretation in the roentgenographic study of tuberculosis has 
made possible a closer scrutiny of certain doubtful densities and, among 
other details, has directed attention to annular shadows. The formerly 
common error of interpreting all such shadows as parenchymal excava- 
tions is now generally recognized, and investigators have become engaged 
with the problem of determining the differential significance of these 
peculiar densities. The importance of their proper differentiation 
as influencing diagnostic accuracy, prognostic judgment and thera- 
peutic indications is self-evident and has been emphasized in a number of 
creditable articles dealing with the distinguishing characteristics of 
genuine cavity and other annular shadows, situated in the planes of the 
pleural surfaces. That the last mentioned densities are the result of 
some inflammatory or mechanical alteration of the pleura is generally 
conceded, but beyond this a haze of disagreement beclouds under- 
standing, largely because there are not sufficient autopsy data available 
to decide the issue and because no one has succeeded in reproducing the 
appearance in experimental animals. In lieu of this the only recourse has 
been to theorization based on roentgenographic and clinical obser- 
vation. But one venturing into the unblazed wilderness of speculation 
is often prone to abandon or forget the compass of reason and, following 
the ignis fatuus of faulty premise, to arrive at a point which, to all appear- 
ances, is his proper destination but which, when projected with its 
environs on the map of previous knowledge, is found to be far afield. 
Such a tendency has been prominent in some of the attempts that have 


1 Read in abstract before the Clinical Section at the Seventeenth Annual Meeting of the 


National Tuberculosis Association, June 15, 1921. 
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been made to explain pleural shadows with the result that a retracing of 
steps in search of bearings has become necessary. 

This communication aims to review the somewhat scanty literature 
on the subject, to supplement this with a clinical and roentgenographic 
investigation made at the Loomis Sanatorium, to criticize as untenable 
several theories that have been proposed, to reconcile accepted patho- 
logical and clinical facts with certain phases of the problem, to attempt 
to delineate in the light of present knowledge the zones of reason within 
which we may safely speculate, and to present a hypothesis to explain 
the formation, progress and disappearance of the shadows. 


REVIEW OF THE LITERATURE 


Sampson, Heise and Brown (1) performed a decidedly valuable service 
in being the first to call attention to the frequency of pleural annular 
shadows and to attempt an explanation of their purport. Their con- 
clusions,? based on a careful and detailed study, were that pleural 
annular shadows “occur in patients more likely to be suffering from 
pulmonary softening and indicate rupture of the lung. Owing to the 
presence of adhesions, only partial pneumothorax with or without fluid 
results.” 

They found the condition in 11.8 per cent of 423 consecutive cases, in 
which it indicated a greater tendency to a recrudescence of the pulmonary 
disease. Of the 50 shadows studied, 60 per cent showed a transmission 
of the X-ray equal to that of the surrounding lung field and 70 per cent 
were located above the third rib, usually in one of the interlobar fissures. 
In a few of the shadows, the authors found horizontal fluid levels which 
they took to be small effusions in the presence of air. They reproduced 
experimentally zm vitro an interlobar annular shadow the outer border of 
which was more sharply defined than the inner border. Evans (2) after 
observing the work of these authors arrived at similar conclusions, 
explaining the mode of formation of the shadows as follows: “First, 
there is a pleuritis with or without fluid, and then an ulceration or rupture 
of the lung tissue, so that air escapes into the area of pleuritis.”” The 
localized pneumothorax theory has apparently received general credence 


2 In a discussion at the Seventeenth Annual Meeting of the National Tuberculosis Associa- 
tion, Doctors Brown and Heise indicated that they had modified their views somewhat and 
were willing to consider a few of these shadows as due to simple pleurisies. 
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and Honeij (3) alone has registered himself as a dissenter, offering the 
explanation that 

Annular shadows are the result of adhesions between the parietal and 
parenchymal surfaces subsequent to inflammation. Under certainconditions 
there is an oval or circular arrangement of the pleura to the formation of which 
the movement of the lung and thorax contributes, resulting in the formation 
of a central or local pseudo-emphysema. The area around the annular shadow, 
which borders on the shadow, represents the more firmly attached or organized 
pleura. 


Honeij holds further that these shadows “‘have no relation to pulmo- 
nary infiltration or softening and breaking down of tissue.” The author 
does not outline the steps by which he arrived at his conclusions. 
Dunham and Hayes (4) have reported autopsies on two cases showing 
annular shadows. One of these proved to be ‘‘a large circular area of 
thickened attached pleura overlying a pyramid of caseation in the lung 
in which a cavity was found,” and in the second case a cavity proved to 
be the underlying lesion. 


ROENTGENOGRAPHIC AND CLINICAL STUDY 


At the Loomis Sanatorium 50 annular shadows, occurring in 36 cases 
have been studied, and constitute the basis of the following report. A 
considerably larger number has been observed, but only those are here 
included that have been followed by detailed clinical records and two or 
more serial roentgenograms. It should be obvious that thedetermination 
of the true significance of the shadows necessitates a study both of their 
anatomical mutations and of contemporaneous variations in clinical 
symptoms. It is no more possible to acquire a clear conception of the 
phenomenon by single isolated pictures than it is to trace accurately 
changes in intrapulmonary tuberculosis without serial roentgenograms. 
Furthermore, it is felt that serial roentgenography eliminates as far as 
possible the error of confusing pleural shadows with cavities and, where 
there has been any reasonable doubt as to the correct interpretation, the 
case has not been included in the report. In 14 of the cases there were 
positive or doubtful physical signs of cavity; in 5 of these the signs were 
elicited in the opposite lung and in the 9 cases where the signs were 
homolateral the roentgenograms showed cavitation in addition to the 
pleural change. The nature of the pulmonary disease was conclusively 
proved by the presence of tubercle bacilli in the sputum in all cases. 

To consider first the roentgenographic characteristics of annular 
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shadows, it should be noted that many of them are not annular, but may 
appear as other more or less complete geometrical figures, such as semi- 
circles and triangles. In this group of 50 shadows, 19 were circular, 21 
were ovoid and 10 were irregular or incomplete. In almost all of the 
ovoid shadows the longer diameter lay in the horizontal plane of the 
chest (erect posture). The “rings” varied in appearance from a light, 
filmy cloud, resembling closely a ring of tobacco smoke as blown from the 
mouth, to a dense and compact figure, the border of which may be a 
narrow line or a wide homogeneous clouding spreading over a large 
portion of the lung field. The shadows may be multiple, and in one case 
there were three in one field and two in the other. The translucency of 


Fig. 1 Fig. 2 
Fic. 1. PLreEuRAL ANNULAR SHADOW IN RIGHT CHEST SHOWING A HORIZONTAL FLuIp LEVEL 
IN THE DEPENDENT PORTION 


Patient sitting in erect posture (postero-anterior view) 


Fic. 2. SamME SHADOW AS SHOWN IN FicurE 1 P 
Roentgenograms taken with patient lying on his left side. Note shifting of the fluid 
level with changes of posture. (Antero-posterior view.) 


the centre of the shadow is a matter of importance. In 17 of this series 
of 50 shadows the area within the borders of the “‘ring” was greater in 
density than the surrounding pulmonary field; in 33 cases there was no 
detectable difference in density. In almost all instances unbroken lung 
markings could be made out beneath the translucent centre of the 
shadow. In no case was the annular shadow rarefied as compared with 
other lung markings. The comparative definition of the inner and outer 
borders of the shadows should be noted also, since this factor has some 
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bearing on their proper explanation. In 39 or 78 per cent of this 
series the inner border was more sharply defined than the outer border; 
in 11 or 22 per cent the definition was equal and in no case was the outer 
border better defined than the inner. 

In 13 of the series a horizontal line, suggesting fluid; was observed in 
the dependent portion. In 4 instances the presence of fluid was demon- 
strated by the shifting of the level with change of the patient’s posture 
(figures 1 and 2). In 3 cases the level was proved to be an illusory 
phenomenon, depending on the degree of obliquity of the penetrating 
X-ray. In the remaining 6 shadows it was not possible to investigate 
the point. In one instance the horizontal line disappeared in the space 


of four days. 


DriacrAM 1. To SHow CHARACTER OF PLEURAL DENSITIES ADJACENT TO THE ANNULAR 
SHADOWS 


At A this shows as a cap of thickened pleura extending from the annular shadow over 
the apex of the lung. At B there is an extensive area of pleural thickening spreading out 
in all directions. At C the upper border of the annular shadow merges with and is sharply 
defined by a band of interlobar pleurisy. (Sketched from X-ray negative.) 


In a great many cases, more or less heavy striations were seen extending 
along the pleural surfaces to the annular shadow; these were taken to be 
thickened lymphatic trunks draining the area of inflammation. Most 
of them extended to the hilum; but in four instances where the shadows 
were situated in contact with the parietal pleura they extended to the 
mediastinum. In all cases where the shadow was located in the inter- 
lobar fissures, the trunks led to the hilum; an expected observation, if we 
remember that the lymphatics of the visceral pleura drain toward the 
tracheobronchial nodes. In several cases there were other contiguous 
pleural shadows of rather unusual appearance (diagram 1). These were 
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always in the form of localized pleural thickenings, shading off from the 
outer border of the annular shadow; in two cases this border was sharply 
cut by bands of interlobar pachypleuritis. 

The location of the shadows is also of moment. This series of 50 was 
distributed in the following way: 4 lay in contact with the anterior 
chest wall between the second and fourth ribs; 23 were situated poste- 
riorly, 1 above the level of the third rib, 7 entirely above the sixth rib, 
14 above the eighth and 1 above the ninth rib. Twenty-three lay in 
the planes of the interlobar fissures, 3 above the level of the body of the 
fourth thoracic vertebra, 18 above the seventh and 2 above the eighth. 
It is possible that a few of those visualized close to the posterior chest 
wall really lay in one of the pleural fissures; but the point to be empha- 
sized here is that 46 of the shadows were located either in the fissures or 
in contact with the posterior parietal pleura and a vast majority of 
them were in the upper half of the chest. Twenty-seven of the shadows 
were in the right chest and 23 in the left. 

At the beginning of the work it was anticipated that an investigation 
of the mutations of pleural annular shadows by serial roentgenograms 
would shed some light on the problem of determining their significance; 
and it may be fairly said that such a study of this series has amply ful- 
filled expectations. Twenty of the 50 shadows increased in size. This 
increase was brought about by an extension of the circumference of the 
shadow, usually equally in all directions. Thus, a ring that measured 
4 cm. in diameter two months ago might have an appearance generally 
identical except that it measures 6 cm. in diameter to-day. Except 
for the changed dimensions there is nothing to indicate the alteration, 
the area within the ring having a homogenous translucency. One 
shadow has been observed from its very incipiency; this started as a 
cottony, poorly defined cloud, and later the centre of the cloud cleared, 
leaving a peripheral annular density. The ring disappeared, but event- 
ually reappeared and became larger. The point to be raised here is 
whether this did not represent the excavation of a small caseous area 
within the lung, a point for which no positive proof can be offered, but 
the area behaved in a way that is characteristic of annular shadows, as 
opposed to the changes typically observed in cavities: there was no 
discernible rarefaction; it looked precisely like other pleural shadows 
developing in the same case and impartial judgment was in favor of a 
a pleural process. In two cases, where the shadows entirely faded and 
later reappeared, the size of the second appearance was greater than the 


PLEURAL ANNULAR SHADOWS 729 


maximum size of the first one. As annular shadows develop and enlarge 
they may actually overlie areas of rarefaction definitely representing 
cavitation; in such cases the differential diagnosis is often rendered 
easier by the contrast. 

In 16 instances the shadows decreased in size and in 12 they entirely 
disappeared. These changes were accomplished by a concentric decrease 
in the circumference of the ring, but it was observed that the ring never 
shrank to a point where it lost its annular character. Thus, if a ring 
disappeared, it first decreased its diameter and circumference; then the 
size remained stationary and there was a gradual fading of the density of 
the circumference, until it could no longer be distinguished from the 
surrounding markings, or until all that remained was usually a faint 
amorphous clouding. In two cases the rings were finally replaced by 
plaques of pleural thickening. These plaques, under the stereoscope, 
were noted to be in exactly the same location as the preceding. annular 
shadows; they appeared as thin leaves of a homogeneous density and 
with their peripheries clearly and sharply cut. One of these cases is 
illustrated (figures 3 and 4), showing the localized plaque of pleural 
thickening persisting at the site of the annular shadow after an interval 
of six years. 

An intimate knowledge of the clinical course of the 36 patients in whom 
these 50 shadows have been studied has been of utmost use; and a corre- 
lation of this knowledge with the anatomical mutations observed has 
resulted in the evolution of certain laws that practically invariably 
apply to the various phases of development of all the shadows. In all 
cases in which annular shadows developed there were positive symptoms 
of active pulmonary tuberculosis immediately or closely preceding the 
detection of the pleural process; in every instance such symptoms were 
evident within a month previous to the first discovery of the shadow. 
Conversely, an annular shadow has never been seen to appear where there 
was definite clinical or roentgenographic evidence of retrogressive disease. 
In 19 of the 20 instances in which the annular shadows increased in size, 
there were definite clinical or roentgenographic signs of active and pro- 
gressive pulmonary disease; in one case there were no apparent changes 
in the lung lesion, but the period of observation was short (six weeks). 
A shadow was never seen to become larger where there was demonstrable 
evidence that the pulmonary lesion was quiescent or retrogressive. Of 
the 28 instances where the shadows decreased in. size or entirely dis- 
appeared, the pulmonary disease was definitely retrogressive in 27 and 
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stationary in 1; in no case did a shadow become smaller or disappear if 
there was evidence of active and progressive pulmonary tuberculosis. 
In two instances the size of the rings did not change and the pulmonary 
condition remained stationary. 

In 3 cases in which the rings disappeared artificial pneumothorax had 
previously been induced on the same side. In two of these the annular 


Fic. 3. ROENTGENOGRAM SHOWS ON THE LEFT SIDE A SEMICIRCLE IN FRONT OF THE FOURTH 
AND FirTH RIBS POSTERIORLY AND A COMPLETELY FoRMED ANNULAR 
SHADOW IN FRONT OF THE SIXTH AND SEVENTH INTERSPACES 
POSTERIORLY 


In the stereogram these shadows have all the characteristics of pleural densities and lower 
one does not merge with the hilum as the figure would indicate. This picture was taken 
July 13, 1913. No physical or clinical evidence of cavity. 


got 
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shadows were in contact with the posterior thoracic wall and, following 
collapse of the lung, adhesions could be made out between the visceral 
and parietal pleurae at and about the site of the former ring. In the 
other case the ring was in the interlobar fissure and, after being collapsed 
for seventeen months, the lung was allowed to reéxpand, showing no 
trace of the shadow. 


Fic. 4. SAME PATIENT AS FIGURE 3. ROENTGENOGRAM MADE AFTER AN INTERVAL OF SIX 
YEARS (SEPTEMBER 4, 1919). 


Note that the upper semicircle has entirely disappeared and the disc-like density that has 
replaced the lower annular shadow. In the stereogram this density appears as a plaque of 
thickened pleura sharply defined above by a thin line of interlobar thickening. Note the 
hilum showing through the translucent area of residual pleural thickening. Patient is well 
and has had no symptoms of tuberculosis for five years; physical signs of a healed lesion. 
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In 6 cases the annular shadows showed combinations of changes, 
increasing in size first and then decreasing, or vice versa. It was 
striking to see how closely these changes followed the course of the pul- 
monary disease and two cases may be cited as examples. In one the 
annular shadow decreased in size and then, in a few months, became 
larger; several weeks later a pleural effusion developed on the opposite 
side. In the second case the patient’s favorable course was interrupted 
by an hemoptysis and subsequent febrile reaction; roentgenograms 
showed that a previously diminishing annular shadow had reversed its 
course and grown larger. These cases are typical. 

A word should be said about the criteria of active and retrogressive 
disease here employed. A lesion was not considered active unless there 
were definite manifestations of toxemia, such as fever and tachycardia, 
or actual roentgenographic evidence of an extension of the tuberculous 
process; in almost all cases the evidence was both clinical and roent- 
genographic. As might be expected, a certain number of patients 
previous to the discovery of the annular shadow and previous to their 
admission to the sanatorium, were ambulant. Disease was not con- 
sidered retrogressive until there was definite abatement of the consti- 
tutional symptoms and roentgenographic evidence of reparative changes 
in the lesion. 

No special effort was made to determine the rate of incidence of an- 
nular shadows; but estimates have been made from time to time and 
this rate has been found to be as high as 20 per cent. Thus, in one 
series of 100 consecutive admissions to the sanatorium, the shadows 
were seen in 20 cases. 

In no case were there any typical symptoms or signs to indicate pleural 
rupture and subsequent pneumothorax. None of the patients com- 
plained of a sudden stabbing chest pain or sudden shortness of breath or 
sudden onset of paroxysmal coughing. None were cyanotic, nor were 
any physical signs of pneumothorax elicited. It is not to be inferred 
from this that we have failed to consider cases of typical localized pneu- 
mothorax and those atypical cases variouly described as ‘‘silent pneu- 
mothorax,” ‘latent pneumothorax,” or ‘‘ pneumothorax muet;” but 
such cases have not been frequent in our experience and have not been, 
included in this study. Indeed, we have found but one constant clinical 
feature accompanying the appearance of annular shadows; this has been, 
as mentioned above, that the patients always manifested clinical or 
roentgenographic evidence of active and progressive pulmonary tuber- 
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culosis. In many of the cases there were chest pains, but these were of the 
vague, dull, aching and more or less constant character, complained of at 
some time by almost every patient with pulmonary involvement. In 
14 cases.there were frank hemoptyses and in 10 streaked sputum; such a 
rate of incidence is to be expected in active disease. Fever was a common 
symptom and in one case it followed an unusual course. This patient 
had a temperature curve that presented the appearance of a series of 
waves, each wave extending over a week or two with its crest at 102° or 
103° (rectal) and its trough at or near the normal line. A roentgeno- 
gram, taken after one or two of these waves had passed, always showed 
the enlargement of previously existing rings or the development of new 
ones, until, at the end of seven months, five separate rings could be 
distinguished. Similar changes were noted less strikingly in other cases. 

The rate of change in the size of annular shadows varied, and seemed 
to be related to the degree of activity and progression or retrogression of 
the pulmonary disease. In the case just cited, the rings enlarged 
and multiplied with comparatively great rapidity. In disease that is 
markedly active and accompanied by persistent or undulating fever, tachy- 
cardia, and other signs of profound toxemia, an annular shadow may 
form in the space of several weeks. Between this and stationary disease, 
where the shadow may remain in statu quo, there are all gradations of 
change to be expected; for instance, a shadow has been seen to require 
eight months to lengthen its diameter by one centimetre. The patient’s 
course was that of slowly progressive, chronic disease with occasional 
slight elevation of temperature and rapid pulse. A diminution in the 
size of the shadow is slower; this is to be expected, since retrogressive 
and reparative changes in the pulmonary lesion are usually more gradual 
than progressive and destructive mutations. In one patient whose 
disease showed progressive improvement, the vestige of his annular 
shadow could be traced in roentgenograms two years from its first detec- 
tion. Small shadows may disappear in a month but, on the average, 
from four months to a year or more are required. Residual pleural 
thickening may last indefinitely; in the one case mentioned (figures 3 
and 4) it was observed after six years. Fluid, when present, may dis- 
appear within a week after the disease becomes retrogressive. 
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CONSIDERATION OF PRESENT THEORIES 


The study has led to the belief that these annular shadows cannot be 
explained by the lung rupture theory of Sampson, Heise and Brown; on 
the contrary, it seems that the vast majority of them must and can be 
explained on other grounds. Before considering the detailed reasons for 
the latter statement, the evidence that tends to nullify the lung rupture 
theory will be presented. 

Clinical and pathological experience would indicate that the rate of 
incidence of spontaneous rupture is not as high as that of pleural annular 
shadows. The authors referred to found such shadows in 11.8 per cent of 
423 consecutive cases; our experience, though not conclusive, suggests 
that the figure may go as high as 20 per cent. Remembering that the 
phenomenon was found to appear only in patients manifesting clinically 
active or progressive pulmonary disease, it should be expected that 
in this particular group the incidence would be considerably higher. In 
fact, the investigation has engendered the conviction that, if every case 
of pulmonary tuberculosis were radiographed at frequent intervals 
during the period of progression and destruction, these shadows would 
appear with astonishing frequency. To such figures must be added those 
cases of frank and easily recognizable pleural ruptire followed by massive 
lung collapse. In contrast to such a large total, clinical and autopsy 
figures indicate that the rate of incidence of spontaneous pneumothorax 
in pulmonary tuberculosis, including those cases with fatal issue, does not 
exceed 10 per cent; more conservative writers put the figure at from 5 
to 6 percent. West(5) found the rate to be 5 per cent in 1175 cases, and 
gathered from the literature 1878 cases in which it was 3.4 per cent. 
Babcock (6) gives as his figures from 1 to 6.5 per cent. At the Brompton 
Hospital (7) the incidence was 8.2 per cent among 1069 autopsies from 
1887 to 1894, and 6.4 per cent in 263 autopsies from 1900 to 1903. 
Powell and Hartley (7) believe that about 6 per cent of all cases of phthisis 
die with pneumothorax. Stanton (8) found 25 cases in 337 autopsies, or 
7.32 per cent, at the Phipps Institute, and quotes Weil’s findings of 10.1 
per cent in 355 autopsies. Many papers on this phase of the subject 
confuse the mortality rate with the general incidence among living cases, 
whereas, in the latter group the frequency is much lower. Thus Fussell 
and Riesman (quoted by Babcock) found a rate of less than one per cent 
in 58,731 cases. West quotes Biach’s figure of 1 per cent, but thinks 
this is too high. Landis (9) says pneumothorax may be expected as a 
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complication of pulmonary tuberculosis in 5 per cent of all cases. Dun- 
ham (10), by X-ray studies, found it in 1.5 per cent of 2000 cases admit- 
ted to the U. S. A. General Hospital No. 19 at Asheville. It is readily 
seen that the rate of incidence of pleural annular shadows exceeds the 
highest of the figures cited, evidence that does not speak very eloquently 
for the lung rupture theory. Barlow and Thompson (11) hold that 
small localized pneumothorax is the rule rather than the exception in 
pulmonary tuberculosis; and explain that it usually disappears before 
death and, even if persistent, would be destroyed in the separation of the 
lung from the thoracic wall. This contention is almost incredible and 
the details of their investigation, to be published later as a monograph, 
will be awaited with interest. It is true that the pneumothorax pocket 
may be destroyed in the course of the autopsy, but it seems only reason- 
able that a fairly large percentage of the pleural perforations should be 
detected by the pathologist. Just why the condition should usually 
disappear before death is difficult to see since, in the figures quoted above, 
rupture of the pleura is shown to be many times more frequent as a 
terminal event than as a general accident. 

Sampson, Heise and Brown found most of their shadows above the 
third rib and usually in one of the interlobar fissures. In the series 
reported here, 46 of the 50 cases were situated posteriorly, above the 
level of the eighth thoracic vertebra or in the upper part of one of the 
interlobar fissures. The theory of the Trudeau investigators is con- 
tingent on the assumption that pleuritis must exist before the lung 
ruptures, and predicates that rupture occurs into an area completely 
shut off from the remainder of the pleural cavity by adhesions. It 
therefore follows that the pleural perforation must be located within the 
area of the annular shadow. It is true that adhesions are often found 
in the regions where annular shadows most frequently appear, but it is 
strikingly and equally true that perforations are not usually discovered 
there. Witness the statement of Louis (12) to the contrary: “The per- 
foration occurred in five-sixths of the cases near the angles of the third 
or fourth ribs; that is, in a place corresponding to that where the pain 
was felt and where pleuritic adhesions, when not general, commonly 
terminate.”’ In Stanton’s series of 15 cases, where the perforation was 
found, the rupture was in the upper lobe in 12, lower lobe in 2, and be- 
tween the upper and lower lobes in one. The last case, by virtue of its 
standing conspicuously alone, emphasizes the fact that few perforations 
occur in the interlobar pleurae, a fact in forceful contrast to the very 
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frequent occurrence of annular shadows in these fissures. Adhesions 
are most frequently found in the interlobes; and this again is the reason 
perforation is so unusual in these localities. Landis (9) finds that the 
lung rupture occurs most often ‘‘in the lateral portion of the upper lobe 
between the third and sixth ribs.” Powell and Hartley (7) apparently 
agree to this, giving the location as “usually found in the upper half of 
the lung, though rarely higher than the third rib, since above this point 
the pleural cavity is generally obliterated by adhesions.”” To these may 
be added the observation of West (5) that | 


the favorite position of the opening is in the postero-lateral region, in the lower 
part of the upper third of the lung, and, therefore, usually in the lower part 
of the upper lobe. This is, no doubt, to be explained by the fact that in 
most cases the upper part of the pleural cavity is obliterated by adhesions and 
that perforation takes place immediately below them. 


Following the pleural rupture the resulting pneumothorax, if it is only 
partial, is usually confined to the lower half of the chest; this observation 
is so common that it may be taken for granted without argument. 

These bits of evidence may, therefore, be summed up as follows: Where 


annular shadows appear most often, pleural perforations are not com- 
monly found at autopsy; likewise, the resulting partial collapse of the 
lung is usually confined to the lower half of the chest, whereas annular 
shadows, presumed by Sampson, Heise and Brown to represent air 
pockets, are almost always seen in the upper half. Such discrepancies 
do not find ready explanation and cast the shadow of doubt on the 
validity of the lung rupture theory. 

Pleural annular shadows do not bear the hallmark of typical partial 
pneumothorax. The points of differential roentgenographic diagnosis 
of such air pockets are fairly stated by Steiner (13) as follows: Absence 
of linear tracings; usually at bases; rarely at apex; outline of lung and 
visceral pleura usually shows; usually irregular; never rounded or 
circular; bands or strings of pleural adhesions can often be seen. An- 
nular shadows do not present one of these characteristics; and this 
evidence alone throws a burden of proof on those who would adhere to 
the pneumothorax theory. But even granting that these shadows may 
be notable exceptions to the rule, it remains for the proponents of the 
theory to explain the mutations observed. The shrinkage of the shadows 
may be considered as in accord with the gradual diminution in the size 
of pleural air pockets, but the mechanism of the enlargement of the 
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shadows cannot be elucidated with such facility. True, with pneumo- 
thorax artifically induced, adhesions can be stretched and the space made 
larger but this is accomplished by persistent and multiple refills and 
positive pressure. It cannot be conceived, in the light of the theory 
proposed, how the assumed air pocket, enclosed by adhesions as repre- 
sented by the annular cloud, is to be kept filled with air under pressure 
sufficient to stretch the adhesions and allow the enlargement of the space. 
To cite a specific instance, the series reported above contains several 
annular shadows that doubled their diameter in a space of three to six 
months. The only explanation that could be given on this theory is 
that there were valvular perforations which remained patent and allowed 
air to escape into the pocket throughout these months under such pressure 
as to forcibly stretch the adhesions. The improbability of this is so 
great that it scarcely needs mentioning. Indeed, it is the common 
experience of those who have used artificial pneumothorax that small 
air pockets, enclosed by adhesions, will become progressively smaller 
and finally obliterated in spite of all efforts to maintain the lung collapse. 

Annular shadows may be multiple; but this factor does not afford 
much evidence, positive or negative, since pleural perforations may also 
be multiple. Louis (12) reported a case in which he found fifteen per- 
forations. The point is that multiple pleural ruptures usually result in 
the death of the patient, whereas a patient with five of these annular 
shadows has survived for more than a year, with only those symptoms 
to be expected from an active pulmonary lesion. 

In none of this series were there any acute symptoms to indicate lung 
rupture, nor were such symptoms mentioned by Sampson, Heise and 
Brown. We know that “‘silent pneumothorax”? is a true clinical occur- 
rence but, heretofore, it has been considered uncommon, and the onset of 
lung rupture is usually marked by violent pain, and followed by dyspnea 
and possibly cyanosis, all of which are characterized by the suddenness of 
the accident. We may follow to some extent the reasoning of Louis (12) 
because it is just as sound now as it was in the earlier days of clinical 


investigation. After describing the train of events he says: 


These symptoms are so much in conformity with what might, under the 
circumstances, be anticipated that they appear almost as if determined a 
priori; and in consequence of the similitude of the conditions attending per- 
foration of the small intestine and that of the lungs their nature might, further, 
it appears to me, have been suspected by reasoning on analogy. In one and 
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the other case in truth, effusion of an irritating liquid into a serous sac takes 
place at the moment of perforation; and as sudden pain and the various 
symptoms of acute and violent inflammation arise in the one case, they might 
be expected to declare themselves in the other. And again, as suddenly 
developed pain in a given spot in the abdomen, accompanied by the symptoms 
of intense peritonitis, suffices for the diagnosis of perforation of the intestine, 
it might fairly be supposed that the same would be the case in the instance of 
the lungs,—and the pain, similarly sudden and intense, in one side of the chest, 
combined with extreme dyspnea, and the other symptonis of pleurisy would 
suffice, more especially in phthisical subjects, to announce that the pleura has 
given away. 


Such compelling logic cannot be circumvented. Only a desire that 
any error should be on the side of conservatism prevents the assertion 
that it is impossible that a hundred lung perforations (50 in the Trudeau 
series and 50 in this series) should occur without once precipitating the 
symptoms of perforation. 

In the cases reported here, no signs of pneumothorax were elicited, 
a matter of no special significance, since small pleural air pockets often 
exist without recognizable signs. It was noticed that in certain cases 
rales of a superficial character increased at the site of the shadows. 

All investigators agree that the spontaneous rupture’of the lung 
generally results in an effusion into the pleuralcavity. West (5) estimates 
that in two-thirds of the cases the effusion is seropurulent, and in the 
remaining third it is serous. A few annular shadows are known to con- 
tain fluid, and the number would probably be greater if it were possible 
to make observations at frequent intervals over long periods of time. 
But the effusions, when present, were not purulent, because there were 
never any typical symptoms of sepsis. By implication, if not by open 
avowal, the theory of Sampson, Heise and Brown is largely based on 
the fact that the fluid level in annular shadows shifts with a change in the 
patient’s posture, a fact indicating to them that air, presumably escaped 
through the pleural opening, must also be present. This premise is 
false, because it is a well known physical phenomenon that fluid readily 
and quickly shifts in the presence of a vacuum or any degree of a partial 
vacuum. The classical water hammer experiment can be cited as proof. 
It is to be expected then that, if through any agency the pleural surfaces 
became separated and the intervening space became partly filled with 
fluid, the fluid would not only have an upper horizontal level but would 
also shift as the position of the containing sac was changed. Further on, 
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evidence will be offered to indicate that just such conditions may exist: 
and, if this evidence is convincing, then the mainstay of the pneumo- 
thorax theory collapses. 

The mortality from spontaneous pleural rupture is estimated by 
Bandelier and Roepke (14) as 80 per cent. Thus far no mortalities have 
been reported as due to the condition represented by the annular shadow. 

Sampson, Heise and Brown reproduced experimentally several annular 
shadows, but their outer borders were better defined than the inner 
borders. In this series, such a relationship was never seen; in 78 per 
cent the inner border was better defined, and in the remaining 22 per cent 
the definition of the inner and outer borders was equal. 

These authors found that the presence of the annular shadow indicates 
a somewhat graver prognosis, presumably on account of the lung rupture 
and resulting pneumothorax, but it may be reasoned a fortiori that the 
outlook is less favorable, not because of the local phenomenon per se, but 
because of the active and progressive intrapulmonary lesion that, in our 
experience, has been an invariable accompaniment of the newly develop- 
ing and enlarging annular shadow. 

These, then, are the practical and theoretical considerations that seem 
to render the lung rupture theory untenable and constrain us to seek some 
other explanation for the existence of pleural annular shadows,—an 
explanation that should have the merit of probability. It may be true 
that there are a number of causes and, with this in mind, it must be 
granted that a few of the shadows may indicate “silent pneumothoraces,” 
but these seem to be the exceptions to some rule that has not as yet been 
formulated. Barlow (15) thinks that in some cases the shadow produced 
by lung collapse lies, not in the pleura, but in the adjacent lung, which, 
if true, would render interpretation even more difficult. Probably 
some so called pleural shadows are really cavity shadows, but it is be- 
lieved that this potential error is minimal in the series reported above. 

Knowing the frequency of pleuritic processes, it is only natural that 
we should turn in this direction in search of some peculiar inflammatory 
change that would have a roentgenographic counterpart corresponding 
to the annular shadow. Honeij’s (3) explanation is based on such a 
phenomenon; but it is difficult to follow his reasoning that the shadow is 
due to a local pseudo-emphysema resulting from ‘“‘an oval or circular 
arrangement of the pleura.” There are no available physiological facts 
to support this obscure explanation. He holds further that the shadows 
have no relation to pulmonary infiltration or softening and breaking 
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down of tissue. The investigation at Loomis has not only disproved 
this, but has proved the fact to be directly opposite; namely, that this 
series of annular shadows developed and enlarged as an accompaniment 
of active intrapulmonary lesions. Our study points to simple localized 
pleurisy as the cause of the annular shadow, but the mechanism of its 
formation must be explained on more ratinal grounds. In the following 
paragraphs this hypothesis will be elaborated and the line of reasoning 
for its support will be outlined. 


THE SIMPLE PLEURISY HYPOTHESIS 


The rate of incidence of annular shadows is altogether compatible with 
that of localized pleurisies. ‘‘That the pleura is one of the battlefields 
in the great struggle between the invaded organism and the tubercle 
bacillus cannot be doubted in view of the damage done,”’ is the opinion 
of C. Y. White (16), and he has sufficient support for his belief. Indeed, 
the frequency of pleural adhesions in pulmonary tuberculosis is one of 
its well known and conspicuous features, and no thesis need be proposed 


for its proof. 

It has been shown that annular shadows are most frequently situated 
above the level of the seventh or eighth vertebral bodies, between the 
posterior parietal and visceral pleurae, or in the upper part of one of the 
interlobar fissures, and that these are the points at which lung rupture is 
uncommonly found. There is before us, then, a rather remarkable 
contrast when we recollect that these are the very sites at which pleuritic 
changes are most often found. Again referring to White (17), whose 
work was based on careful and extensive autopsy investigations at the 
Phipps Institute it is shown that “the partial or complete obliteration 
of the interlobar space by the adhesion of the pleural surfaces is rather 
the rule than the exception in chronic tuberculosis of the lungs.” This, 
he continues, may be in the form ofa fibrous tissue septum with or without 
typical tuberculous deposits, or of loose isolated bands of adhesions of 
varying length. Outside of the interlobes he (18) found lesions of the 
pleura (adhesions), generally posteriorly at the apex of the upper lobes or 
2 or 5 cm. below the apex posteriorly, more frequently on the right than 
on the left, and on both sides more frequently posteriorly than anteriorly. 
It will be recalled that in the series herein reported only four annular 
shadows were seen in contact with the anterior chest wall, and these were 
between the second and fourth ribs. The number is very small, but they 
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should be considered in the light of White’s experience (18) that, besides 
the places above mentioned, ‘‘a favorite site seems to be along the course 
yf the third, fourth and fifth ribs anteriorly from the parasternal or 
midclavicular line to the midaxillary line.” They ‘‘usually appear as 
delicate bands following the course of the ribs.” In considering the 
iactor of location, therefore, a strikingly close correspondence between 
annular shadows and simple pleuritic changes is observed, so close that 
it must be reckoned with in any attempt to solve the main problem. 

Turning to another point, it is generally agreed that the shadows 
represent some process that is by nature localized and, further, this study 
has shown that their development is an accompaniment of an advancing 
intrapulmonary lesion. These again are characteristic features of 
tuberculous pleurisy secondary to pulmonary involvement. That the 
pleural damage usually follows the advance of the pulmonary infiltration 
is commonly recognized. In the foregoing reference to White’s work, it 
was noted that interlobar adhesions may be isolated. Elaborating on 
this point he says (17): 


As the term implies there are found throughout the pleural cavity, over 


one or more lobes, areas of old dense and of recent adhesions. The presence of 
the old and recent adhesions suggests the way the process becomes widespread. 
It is likely that the isolated adhesions found at autopsy represent repeated 
injuries to the pleura from localized conditions in the lungs. In these cases, 
even when the adhesions are distributed throughout almost the whole pleura, 
small areas of practically normal pleura are to be found. 


The coincidence of these important peculiarities of annular shadows in 
the roentgenogram and of localized pleurisies in the pathological picture 
aids materially in building a chain of evidence in favor of the localized 
pleurisy hypothesis. What other pleural process, we may ask, having 
the two outstanding characteristics mentioned in this paragraph, occurs 
with equal frequency in pulmonary tuberculosis? This challenge, it is 
believed, must stand without an adequate answer. 

The clinical symptoms accompanying the development of annular 
shadows do not eliminate pleurisy as a possible contributing cause. 
This evidence is largely of a negative character; but it is valuable as such, 
because pleural inflammatory changes may occur with no characteristic 
manifestations save the symptoms that commonly mark an actively 
advancing pulmonary lesion. 
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The roentgenographic appearances furnish evidence of a more positive 
purport. Localized pleurisies persist indefinitely and may leave perma- 
nent changes, thus affording a possible explanation for the fact that ves- 
tiges of annular shadows may be discerned for as long as two years and 
more. It would also beexpected, therefore, that any permanent residuum 
of the annular shadow would be of the nature of pleural thickening, and 
this has been shown to be true in a number of the series. That there are 
localized adhesions at the site of the annular shadows has been shown 
by Evans (2) and also here by the roentgenogram following the induction 
of artificial pneumothorax. It is also to be remembered that one of the 
two cases of Dunham and Hayes (4) showed at autopsy ‘‘a large circular 


DIAGRAM 2. ILLUSTRATING DEVELOPMENT OF INFLAMMATORY AND FIBROTIC PROCESSES 
AccorDING TO LocaLizED PLEURISY HypoTtHEsIs (SEE TEXT) 


area of thickened attached pleura.” It is true that this covered a 
pyramid of caseation containing a cavity, but it has been shown that 
such lesions may be recognized in combination in the roentgenogram; 
and it is just such a localized patch of pleurisy that may cause, as will 
be explained further, the annular density in the roentgenogram. 
Before the localized pleurisy theory can be considered sound, the 
presence of a shifting fluid level within the annular shadow must be 
satisfactorily explained. There is reason to believe that this is possible 
but the condition is a special one, and will be considered after an attempt 
has been made to explain the mechanism of the formation of pleural 
annular shadows in general. It is at this point that we must 
abandon accomplished facts and pass to the realm of hypothesis; but 
speculation is justifiable so long.as it is confined to the zones of reason 
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to which we have already referred. The explanation here proposed is 
based on a pathological event that is common; otherwise it would not 
have so much to commend it as plausible. 

Referring to diagram 2, it is assumed that the process starts as a 
simple infection of the pleura at A, by lymphatic extension from an 
underlying pulmonary lesion (P), or otherwise. Viewed on the pleural 
surface, this should be composed of a simple deposit of fibrin, cells and 
exudate, with or without underlying tubercles (B). It is to be remem- 
bered that this is not likely to be a pleurisy of the very acute florid type, 
but rather of the more common subacute orchronicand slowly progressive 
kind; and any change should, therefore, be gradual, corresponding 
fairly closely with the degree of activity of the intrapulmonary lesion. 
Once the pleura is infected, the adjacent normal serosa becomes involved 
by direct extension from the original focus. It would be expected, there- 
fore, that the deposit (B) would slowly enlarge to some arbitrary size 
which we may represent as C; this might require days or weeks for its 
extension. Returning again to the recognized pathology of tuberculosis, 
two other principles present themselves for attention. One is that 
disease of a chronic, slowly progressive type tends to heal as it advances, 
the common illustration being the lung with fibrosis at an apex and fresh 
tubercles in a lower lobe. The other is that healing and fibrosis are 
usually observed first at the site of the older infiltration, the reason that 
the first cicatrix is usually seen at or near the apex of the lung. Applying 
these principles to the pleuritic process one should find, in course of time, 
evidence of healing beginning at the oldest and original focus and, there- 
fore, at or about the centre of the deposit (C). The healing would be 
evidenced by the replacement of fibrin, cells and exudate by fibrous 
tissue, represented by the cross hatching in D. From this point the two 
processes would progress concomitantly until an arrestment took place. 
As the periphery of the pleuritic patch extended, involving more and more 
of the normal serosa, its centre should show progressive absorption of 
fibrin, cells and exudate and varying degrees of replacement by fibrosis, 
so that, viewed at any time during its course, the picture would be that 
of a ring of fresh inflammatory products surrounding a central area of 
fibrosis (E). The latter would in most cases be attached to the contig- 
uous pleural surface (parietal or visceral) by adhesions. Once an 
arrestment of the process had occurred, the peripheral inflammatory 
products should be gradually replaced and a general shrinking from 
contraction of the fibrous tissue would be expected. Finally, the only 
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remnant would be a plaque of thickened pleura, most likely with 
adhesions; the plaque might be very thin, or heavy and leathery. 

Before proceeding further it would be well to hazard an opinion as 
to the character of the shadow that might be cast in the roentgenogram 
by this process. The original focal deposit (A) would appear not at all, 
or as a light cottony density hardly distinguishable from intrapulmonary 
mottling. But, as it extended and its centre became replaced by fibrosis, 
a corresponding rotengenographic change should occur, as a clearing of 
the centre of the density, leaving a border of the original light cottony 
character. Thus, the annular shadow would take form and follow 
changes corresponding to those described in the actual lesion. It will 
be recalled that, in the series reported, 78 per cent of the shadows. had 
inner edges better defined than the outer edges and, in the remainder, 
the definition of the edges was equal, a peculiarity that can be explained 
on the hypothesis outlined. It-is well recognized that, in studying 
tuberculous deposits in the lungs, poor definition of the roentgenographic 
image indicates a deposit of comparatively fresh inflammatory products, 
while clearing of the haziness and sharp definition speak for absorption 
of these products and the beginning of fibrosis. According to the 
foregoing theory, therefore, .haziness and indefiniteness of the outer 
border of the annular shadow, presumed to represent recent inflam- 
mation, would be expected and at the centre the picture should naturally 
show some evidence of healing in the form of better definition and more 
clearly cut edges. The theory would lack in completeness if this rela- 
tionship did not hold. Since it is assumed that the pleuritic process is 
subacute or chronic, any mutations in the roentgenographic counterpart 
should be correspondingly variable and gradual; and finally only the 
shadow of a thickened pleura should remain: this the investigation has 
proved to beso. Itis also clear that there could be more than one patch 
of pleurisy and consequently more than one annular shadow in a single 
case. 

If it is to suffice, the localized pleurisy hypothesis.must be broadened 
to explain the shifting fluid level within the annular shadow. Sampson, 
Heise and Brown hold that this phenomenon connotes the presence of 
air escaped through a pleural tear. But it has been shown in the pre- 
ceding paragraph that fluid, contained in a perfect or partial vacuum, 
will exhibit an upper horizontal level and will quickly shift as the position 
of the container is changed. This observation demands scrutiny; and 
so far as this special proposition is concerned, it is our major premise. 
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If it can be shown that a space, containing a perfect or partial vacuum, 
can be created between the pleural layers without rupture of the lung, 
or that such a condition is even probable or possible, then the minor 
premise is established, and the logical conclusion of the syllogism is that 
those annular shadows showing shifting fluid levels probably or possibly 
represent localized separations of the pleural layers, and that in the 
spaces thus formed small effusions have developed. 

The evidence bearing on the minor premise is not abundant, but what 
there is of it proves the fundamental truth of the proposition. In the 
stereogram we have seen definite pleural separations and White (17) 
found from his autopsies at the Phipps Institute that ‘‘the two surfaces 
of the pleura are not (even when the adhesions are numerous) so closely 
approximated as in a case of obliterated pleura.” Evidence that is most 
convincing and that conforms in detail with the foregoing assumption 
is found in an article by R. Douglas Powell (19) written fifty-two years 
ago. The following quotation is from this paper: 


The pulmonary pleura over any portion of lung of impaired expanding power 
does not accurately follow the parietal pleura; when the ribs are raised and the 
diaphragm lowered in inspiration a certain gliding or rubbing movement takes 
place between the two pleural surfaces, and irritation and adhesion result. 
In cases of disease of the lung leading to toughening and contraction of the 
organ, there is a tendency to the separation of the two layers of the pleura 
over the diseased portion and this tendency is increased with each inspiratory 
effort. The result is a stretching or pulling out of the adhesions which yield 
gradually and the meshes thus produced are filled up at first by serum mechani- 
cally effused, giving rise to the edematous pleura commonly seen in these cases. 
Secondly, by continued connective tissue growth the whole interpleural space 
becomes occupied by fibrous tissue, the serum being reabsorbed. Finally, 
the resistance to expansion triumphs over the inspiratory force, the chest 
sinks in and the muscles of inspiration atrophy. All these changes, though 
here mentioned singly, go on together, or at least overlap one another in point 
of time in an onward series. 


This observation of Powell’s, based on autopsy findings, is inserted as 
the logical elaboration of the hypothesis proposed above to explain the 
formation of annular shadows. He clearly shows how, by contraction 
of fibrous tissue on or beneath the pleura, the central adhesions in one of 
these areas of localized pleurisy could be stretched, allowing the formation 
of an interpleural space with or without fluid. In this vacant or partly 
filled space there should be a partial vacuum, the degree of which would 
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be a matter of conjecture without manometric readings, but which could 
not be expected to exceed the normal negative intrapleural pressure; it 
might be less. The space could not be called a pneumothorax, since 
this term is understood as applying to the condition artificially induced or 
resulting from lung rupture but, except for the pleural tear, conditions 
within the space should be identical with those in a partial pneumothorax 
or hydropneumothorax under negative pressure. As shown above, 
any fluid present would behave similarly in either case. Such a phe- 
nomenon, then, should present as its roentgenographic counterpart 
a picture similar.in all respects to the annular shadow with a shifting 
fluid level in its dependent portion. Should the space between become 


Fig. 5 Fig. 6 
Fic. 5. SHows THE EXPERIMENTAL RECONSTRUCTION OF A LOCALIZED PLEURISY 


The attached area of the two balloons represents the central healed and adherent part of 
the pleuritic patch between the pleural layers, while the strands of horse fibrin placed about 
this area represent the products of fresh inflammation at the periphery of the patch. 


Fic. 6. Position IN WHICH ROENTGENOGRAM Was MADE OF THE RECONSTRUCTED 
LOCALIZED PLEURISY 


The underlying balloon is partly inflated to represent the lung while the overlying uninflat- 
ed balloon is in close contact to represent the contiguous parietal pleura. The “patch of 
pleurisy”’ lies between the two balloons just beneath the pucker shown in the figure. The 
entire contrivance is bathed in glycerine to give the rubber “serosa” a coating of moisture 


normally seen in vivo. 


entirely filled with fluid, it would present as a homogeneous cloud with 
little or no resemblance to the annular shadow. As the fluid, according 
to Powell’s description, is reabsorbed the level would, of course, disappear 
and this, we know, does happen. Closure of the space would be slow 
since this is typical of all processes depending on fibrotic replacement and 
contraction. Once the obliteration of the space had been accomplished 
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the only permanent residuum would be, as with the simple annular 
shadow, a localized area of pleural thickening. 

Because of the difficulties in the way of reproducing the conditions 
of human chronic pulmonary tuberculosis in animals, no attempts have 
been made experimentally to induce pleural annular shadows in vivo; and 
it remains to be seen whether such an experiment could be successfully 
consummated. The final conclusion may depend entirely on autopsy 
reports, but the hindrance here is that, by the time death occurs, the 
pulmonary involvement is usually so massive as to preclude a roent- 


Fig. 7 
Fic. 7. CONTACT PRINT OF ROENTGENOGRAM MADE OF THE ARTIF.CiIALLY RECONSTRUCTED 
LocalizED PLEURISY SHOWN IN Ficures 5 AND 6 (Not RETOUCHED) 


Note its resemblance to typical pleural annular shadow shown in figure 8. Note the 
sharp definition of the inner border as compared with the gradual shading off of the outer 
border. The rarefied areas represent air bubbles purposely included to show the contrast. 


Fic. 8. TypicAL PLEURAL ANNULAR SHADOW INSERTED FOR COMPARISON WITH FIGURE 7 
The small heavy densities represent intrapulmonary calcareous deposits. 


genographic study of the more delicate details of annular shadows. It 
is quite-clear also that special pains should be taken to investigate the 
phenomenon in situ before the pleural layers have been forcibly separated. 

It is quite simple, however, to reconstruct im vitro a localized pleurisy 
on the hypothesis proposed and this has been done, two small rubber 
balloons being utilized for the purpose. As shown in figure 5, a circular 
area on the surface of one balloon was cemented to a similar area on the 
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second. Considering the contiguous surfaces of the balloons as pleural 
surfaces, the attached or cemented area represents the fibrous and 
adherent centre of the patch of pleurisy. About the periphery of this 
area strands of horse fibrin that had been preserved in glycerine were 
loosely laid, as also shown in the figures, so as entirely to encircle the 
adhesion and to represent the recent extension of the pleurisy over the 
serosa and the freshly deposited products of inflammation. The surfaces 
of the balloons were bathed in glycerine to reproduce the normally moist 
condition of the pleura. One balloon was then partly inflated and the 
other uninflated balloon was brought in close*contact, so as to enclose 
entirely the adhesion and the peripheral border of fibrin between the two 
artificial surfaces or rubber ‘‘serosa”’ as shown in figure 6. The inflated 
balloon represented the lung and the uninflated one the contiguous 
parietal pleura, while between the two lay the localized pleurisy, recon- 
structed in all essential details on the principles of the hypothesis sug- 
gested to explain the formation of annular shadows. The balloons were 
then radiographed while held in the same position as in figure 6, and 
figure 7 is from a contact print of the negative obtained. Figure 8, 
a typical annular shadow selected from the series reported above, is 
inserted for comparison. 

Comparing the last two figures, it is seen that they are practically 
identical in essential details. Both are of a light tenuous character 
and both have inner borders that are better defined than the outer 
borders. In figure 7 a few air bubbles have been purposely included, to 
show the contrast; as compared with other parts of the field, the very 
small collections of air produce a decidedly rarefied appearance. ‘This 
experiment does not prove that such a type of localized pleurisy accom- 
panies pulmonary tuberculosis, but it does prove that such a type of 
pleurisy may cast a typical annular shadow on the X-ray negative and 
this, of course, is a necessary fragment of evidence. 

On the basis of this hypothesis, it can readily be seen why the annular 
shadow represents a process that, per se, does not influence to any serious 
extent the course of the lung disease. The pulmonary lesion is the 
primary factor; and its state of activity or retrogression determines the 
development of the annular shadow as well as the ultimate prognosis 
of the case. This is theoretically true, and the study indicates that it 
is practically true. 

The merit of probability is claimed for the hypothesis here proposed, 
to explain the formation of a majority of pleural annular shadows; and 
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at the same time some of the fallacies of the localized pneumothorax 
theory have been pointed out. This investigation has not attained the 
final goal, but it has descried an objective that seems to offersome prom- 
ise. It is believed that the burden of proof is on those who would 
dispute the hypothesis. A survey of the field of endeavor has been 
presented, with the hope that others may be spared the efforts of cir- 
cuitous wanderings and may proceed straightway toward the achieve- 
ment of the ultimate truth. 


CONCLUSIONS 


An investigation of roentgenographic pleural annular shadows at the 
Loomis Sanatorium has shown that these peculiar densities appeared 
and increased in size as accompaniments of active or progressive pul- 
monary tuberculosis, and that they decreased in size or disappeared only 
after the intrapulmonary lesions became quiescent or retrogressive; 
the converse of these propositions has not been observed. The shadows 
seem to have no other prognostic significance. 

A consideration of clinical, pathological and roentgenographic factors 
opens to serious doubt the validity of the theory that pleural annular 
shadows represent localized pneumothoraces secondary to lung rupture. 

A hypothesis is proposed to explain a majority of the shadows as the 
roentgenographic counterparts of simple chronic or subacute localized 
pleurisies, with or without localized retraction and separation of the 
pleural layers, and evidence is presented in support of this hypothesis. 
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UNDERGRADUATE INSTRUCTION IN TUBERCULOSIS! 


WALTER C. KLOTZ 
From the Department of Medicine, University of Virginia 


In January, 1920, a special department of tuberculosis was created 
at the University of Virginia in affiliation with a new tuberculosis 
sanatorium which had been established by the State Board of Health. 
This sanatorium was located on a site about three miles from the Uni- 
versity near Monticello, the former home of Thomas Jefferson. Owing 
to the fact that the sanatorium was not opened to patients until the 
spring of that year, practical work was limited to the outpatient de- 
partment of the University Hospital. During the summer, however, a 
number of students worked as clinical clerks and assistants at the sana- 
torium. At the beginning of the last college year the sanatorium had 
been in operation for six months, was well filled, and the course in tuber- 
culosis instruction was definitely organized, the practical work being 
transferred to this institution. 

It is not necessary to consider here the need for such special instruc- 
tion in our medical schools or the reason therefor. This has all been 
discussed repeatedly at former meetings of the National Tuberculosis 
Association. The work covered by this report is in a way an answer to 
such appeals. It seemed of interest therefore to give a description of 
this course of instruction, the methods employed, and the results that 
had been accomplished. 

While some of those who have discussed the question of undergraduate 
instruction in tuberculosis have held that institutions with ward cases 
were not necessary, it has been our experience that such material was 
of the greatest assistance in the systematic presentation of the subject. 
It was always possible to select at will groups of patients representing 
certain types of cases, combining in this way demonstration clinics with 
the more practical, so called Edinburgh method, according to which all 
cases are worked up by the students themselves, and then presented to 
the section. Attempts were made, especially at the beginning of each 

1 Read before the Clinical Section at the Seventeenth Annual Meeting of the National 
Tuberculosis Association, New York City, June 16, 1921. 
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course, to assign similar cases each day, in order to bring out certain 
features related to tuberculosis, consecutively, and by some method or 
regular order, instead of taking cases in the order in which they were 
admitted. 

In arranging the course, most of the work was thrown into the third 
year. The class was divided into four sections and each covered one- 
fourth of the college year. Sessions were held three afternoons a week, 
the session covering from two to two and a half hours. This gave about 
fifty hours of practical work for each section in addition to the fluoro- 
scopic examinations held once a week at the University Hospital. 
During the first few sessions of each succeeding section systematic in- 
struction and demonstrations were given in the examination of the 
chest. The different phases—inspection, palpation, percussion and 
auscultation, with emphasis on the auscultatory cough—were explained; 
and the physical phenomena upon which they depend were discussed 
with the aid of blackboard drawings. Examinations were then made 
by the students themselves, at first under supervision, in order to correct 
errors of technique. At each succeeding lesson some new feature was 
added, in order not to confuse the mind with too many new facts at once. 

The principles and methods of history taking were explained, and a 
schema for the outline of the history given each student for use as a 
guide. The relation of family history, contact, predisposition. environ- 
mental factors, occupations, previous illnesses and former exacerbations, 
with types of onset was carefully brought out. The correlation of 
X-ray findings, clinical symptoms and laboratory examinations was 
then included as part of the examination. The students were expected 
to be present at the fluoroscopic examinations, in order to hear the 
description of the shadows as dictated by the radiologist. 

Later in the course, as soon as they were perfected in the methods of 
physical examination, the students were led to compare the recorded 
findings with the stereoscopic plates and to check these against the 
official interpretation of the radiologist. In this way the relative 
significance of the various methods of diagnosis were brought out in a 
practical way. In order to crystallize the information thus gained, the 
students made out complete case reports, which were presented to the 
section in turn, in the presence of the sanatorium staff for further dis- 
cussion, criticism and comment. 

Special topics were selected for discussion, such as the difference 
between childhood and adult tuberculosis, artificial pneumothorax, 
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various complications like laryngeal and intestinal tuberculosis, the 
treatment of haemorrhage, the management of cases in different stages 
of tuberculosis, the classification of cases, the principles of the general 
hygenic treatment, tuberculin diagnosis and treatment, etc. A number 
of cases came to autopsy and the anatomical findings were compared 
with the signs as noted on the.charts before death. This enabled the 
students more readily to interpret physical signs in terms of patho- 
logical conditions. 

To stimulate study and research, articles from current medical litera- 
ture were assigned to students for the preparation of abstracts, which 
were presented to the section for discussion, in which the medical staff 
of the sanatorium frequently participated. 

It was assumed that outside of the above course the third year and 
fourth year students would from time to time see various forms of tuber- 
culosis in their courses of general medicine and surgery and in the work 
of the special clinical branches. In order to serve as a general review 
and to crystallize all this scattered knowledge, a course of six lectures 
was given at the end of the fourth year, covering the general subject of 
tuberculosis. Special attention was paid to such topics as the history 
of tuberculosis during the different periods of medicine, biographical 
and bibliographical landmarks, its various conceptions, bacteriology 
and immunology, the tuberculin reaction,the serum reactions, anatomical 
changes, clinical types, evolution and development of clinical symptoms, 
with a general consideration of the campaign against tuberculosis, its 
relation to general and preventive medicine and public health, with a 
brief summary of the principal statistical facts. 

This course of theoretical lectures was then followed by several dem- 
onstration clinics, in the course of which it was attempted to show 
by means of patients in different stages and of different ages the pos- 
sible history of tuberculous infection in a given hypothetical individual, 
beginning with a healthy tuberculin negative young child and leading 
through the stages of the infected but not clinically active process, to 
the adolescent, young adult, and older adult chronic types. 

Shortly after the sanatorium was opened, it was agreed also that the 
University Hospital would assign one interne from its staff to the sana- 
torium for three months in rotation. This plan of service worked out 
admirably. It has been the greatest stimulus to the medical work of 
the sanatorium to have on its staff a recent graduate, well grounded in 
the fundamental sciences of medicine, and at the same time in touch 
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with all the recent progress of general medicine and surgery: one who 
would be awake to note and discover intercurrent conditions and non- 
pulmonary complications. This interne has acted as the liaison officer 
between the general hospital and the tuberculosis institution. Similar 
arrangements have been made between the nurses’ training school of 
the University Hospital and that at the sanatorium. The student 
nurses from the sanatorium have had the advantage of taking the 
general theoretical courses with those of the University Hospital. Had 
it not been for the universal shortage of nurses at this period, a rotation 
service similar to that of the interne would have been arranged, by 
which the student nurses from the University Hospital would have been 
assigned to work at the sanatorium. It is to be hoped that this feature 
will be carried out ultimately. 

As far as the work and the interests of the sanatorium are concerned, 
we are well convinced of the truth contained in one of Osler’s essays 
quoted by Thomas Futcher: 


The work of an institution in which there is no teaching is rarely first 
class. It is, I think, safe to say that in a hospital with students in the 
wards, patients are more carefully looked after, their diseases are more 
carefully studied, and fewer mistakes are made. 


It would be premature to judge of the results of our course, but it 
has been a source of satisfaction to note the interest shown in the work 
by the students themselves. It was demonstrated in the army during 
the war that short intensive training courses in tuberculosis were emi- 
nently successful, and it would be only reasonable to assume that such 
knowledge obtained at a time when the mind of the student is most 
impressionable would stay with him throughout life. 

“The first clinical lessons usually sink the deepest, if imparted method- 
ically, clearly, logically, and with proper explanation of phenomena.” 
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SOME PROBLEMS OF MEDICAL EDUCATION IN 
TUBERCULOSIS! 


ALLEN K. KRAUSE 


From the Kenneth Dows Tuberculosis Research Fund of the Medical Clinic of the Johns 
Hopkins Hospital and University 


An increasingly active interest in tuberculosis has brought about a 
marked improvement over conditions which existed only a very few years 
ago. ‘The Trudeau School, the pioneer institution for formal instruction 
of graduate students, is only five years old. The need and demand for 
it and its usefulness may be estimated by the fact that applications for 
enrollment far exceed accommodations, and by the establishment and 
plans for establishment of similar schools in a number of other localities. 
The Massachusetts and New York plans of consultation and itinerant 
clinic services have been notably successful, and enlightening and stimu- 
lating to general practitioner and tuberculosis expert alike, and will bear 
copying and development everywhere. Those in charge of the tuber- 
culosis activities of the Army and United States Public Health Service 
have been alive to the educational possibilities presented by a wealth 
of clinical and autopsy material, and have been quick to turn it to effec- 
tive use. The number of inquiries which one receives from medical 
schools concerning methods and courses of instruction in tuberculosis is 
becoming impressive and is, one may hope, highly significant of future 
development. 

Many indications, therefore, point out that we are already well along, 
—further along, perhaps, than we think. It is, at the same time, only too 
_ apparent that many changes, something of the nature of a reconstruction 

—of methods, of standards, of values—must be brought about before we 
may admit that we are making the most of our opportunities or that 
we are teaching tuberculosis with anything approaching complete effec- 
tiveness, yet there should be little doubt that a standard of perfection 
should always be our model; nor, for this reason, should I be inclined to 
defend any ideas which I may present against the criticism that they 

1 Read in absentia before the Clinical Section at the Seventeenth Annual Meeting of the 
National Tuberculosis Association, New York City, June 16, 1921. 
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comprehend a standard of perfection. Appreciative of all that has been 
done in the way of education in tuberculosis, I am vastly more interested 
in whatever will make tuberculosis an object of productive study and 
teaching wherever the physician comes in contact with it. 


Individual ideas of what constitute problems of education in tuber- 
culosis are likely to be colored by two prejudices. These arise from the 
personal attitude which everyone of us has formed toward the age-long 
controversy over the purpose and direction of education in general, and 
from those particular interests in tuberculosis which your or my study 
and practice of it have brought out and developed. 

Any one of you may intuitively disagree with whatever position I may 
take on whether the general purpose of education should be to fashion 
personality or to perfect machinery—to spread before the plastic intelli- 
gence the accumulated stores of all sowers and reapers of the past, or to 
take the twig at its first budding and incline it in a definite and special 
direction. The question will never be settled; and, after all, why need 
it be? — for the pathfinders, the seers, the geniuses, the “‘self-educators, ” 
resisting all discipline, conforming to no rules or systems, whipped on by 
irresistible impulse and spurred to colossal industry, will lay at our feet 
what our planned endeavors -with thousands have failed to produce. 

For the moment I forget who it was—perhaps it was Kant—who said 
that in teaching he was concerned only with average men, inasmuch as 
there was no hope for fools, and geniuses would take care of themselves. 
We may or may not subscribe to this view. Yet it is quite likely true—or 
at any rate practical—that, when considering the persons to be taught, we 
should keep our eyes fixed on the needs of the average man. Asa routine 
procedure, it would be as foolish and mistaken to prepare banquets for 
Louis Pasteurs as alphabet noodles for our Sabbath entertainer, 
Mr. McNutt. 

Any educational plan requires that we give earnest attention to some- 
thing more than the needs of the student. This something is comprised 
in the best interests of the subject to be taught. And, although the 
needs of the student and the best interests of the subject may not be 
capable of dissociation, it is my diffident opinion that, in approaching 
the matter of education in tuberculosis, we are under far greater obliga- 
tions to think and act from the point of view of what may be best for 
tuberculosis—what will ultimately advance the knowledge and science of 
tuberculosis—than to any course which may promise to be immediately 
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practical, enlightening and advantageous for the student. I have no 
doubt that, in our life-time at least, students will come and go while 
tuberculosis will maintain its réle of the poor in our midst. I have just 
as little doubt that the more quickly and more securely tuberculosis 
takes a higher rank among the scientifically-pursued branches of medicine, 
the more it will attract a larger body of able students and investigators. 
As I see it, the best interests of all concerned—patient, student and 
practitioner—demand that the lines of tuberculosis study and practice 
be tightened all around, that requirements for both the latter be raised 
and made more difficult, not simpler. 

I am constrained to state this for two reasons. The first is that I am 
continually being reminded that the average internist does not entertain 
a particularly high opinion of the medical knowledge and ability of the 
professed practitioner and student of tuberculosis: and, while you may 
say that we reciprocate the feeling, this retort does not alter or amend the 
situation. Besides, it is our own knitting that we are primarily concerned 
with. 

The second reason is the free and easy—I almost said, irresponsible— 
conception of tuberculosis teaching which many seem to hold. If I 
have understood them correctly, I have gathered from not a few contri- 
butions on the subject that, by playing the stethoscope over certain in- 
fallible areas of the chest for an hour or two’a day throughout a week or 
two, yokels are converted into diagnosticians of tuberculosis; or that a 
few easy tricks with the fluoroscope and the acquirement of a catchword 
or two will open up the realms of pathology, etiology, diagnosis and 
prognosis; or that fifteen minutes with motion pictures will accomplish 
what formerly “took twenty-four lectures of one hour each;” or that a 
demonstration of how to stain the tubercle bacillus and how to inoculate 
it into a guinea pig makes an investigator out of a novice. Now, all this 
may be true; yet I can’t believe it. Perhaps the fault lies with me, as 
I am led to survey my own deficiencies and inefficiencies as a drill master. 
Yet I am encouraged to take heart as I reflect on the possibilities that 
might arise out of a case, up for opinion, before Webb and Minor and 
Brown and Hamman and Baldwin and Miller:—when I consider the 
six different histories, the six different exercises with the stethoscope, 
the six different X-ray plates,—and then the weighing of all the evidence 
in the balance of six individual experiences,—and finally the opinions as 
to diagnosis, and after diagnosis as to what is to be done with the case, 
and then—all important perhaps, for the patient and his family—the 
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prognosis. _ I verily believe that, if what many have told us about the 
shortcuts to a knowledge and practice of tuberculosis is true, the event 
would show that these six eminent practitioners had flagrantly abused 
their opportunities to learn or had been singularly refractory to newer, 
sureshot methods. 

Now, tuberculosis should and must be taught to medical students, to 
medical practitioners, and, perhaps, even to patients; and it is our job 
to devise ways and means to teach all three, practically and effectively, 
while we at the same time send tuberculosis alang as a developing and 
attractive subject. It takes comparatively little wit—or conscience— 
to set down on paper comprehensive and ideal courses. I have already 
done this several times and expect again to commit the same misdemeanor 
before tuberculosis and I finish it with each other. It is easy to pass 
resolutions, even with one’s self; but discouragingly hard to make them 
work, no matter how embellished they may be. At the present time I 
shall put aside the temptation to reissue a programme of instruction. I 
had rather point out problems which may confront the practical working 
out of programmes. 

Let us consider, first, the case of the nee student. What 
would you have him do? 

Throughout the literature there is distributed an enormous amount 
of gloom over the new graduate’s inability to make a diagnosis of pulmon- 
ary tuberculosis. But is it justified? I’ll grant that a fourth year student 
who fails to detect the disease because he does not know how to find 
bacilli in a positive sputum, or who “‘misses” the cadaverous consumptive 
who is so plain that his lay home associates have no doubt that he “‘has 
the bugs,” has been inefficiently instructed or is a numskull. But to 
expect him to proceed in a business-like way to make a diagnosis of a 
difficult or questionable case of lung tuberculosis is as irrational as to trust 
yourself to him for the removal of your appendix or your brain tumor. 
Beyond their veriest rudiments the technique and judgment of tuber- 
culosis diagnosis can no more be acquired by the average undergraduate 
student than can surgical technique and judgment. If tuberculosis— 
in any of its phases—were so easy as some would have us believe, it 
would not have long ago become a special branch of internal medicine. 
Everyone of us here has sweated—and is still sweating—to gain what 
little he knows about tuberculosis—throughout the long years devoted 
exclusively to tuberculosis. Then why be so hard on the undergraduate 
or so contemptuous of his training? The quicker we appreciate that 
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physical diagnosis cannot be learned from didactic lectures, or parallel 
columns of signs, but that competency in it can be attained inonly the 
same way as a proficiency in operative surgery, that is, by assiduous 
observation at the autopsy table and practice on the living patient— 
just as Laennec erected its foundation—the sooner we'll be in line to 
formulate plans for the most effective instruction in pulmonary tuber- 
culosis, especially for undergraduates. 

It has no doubt happened, not infrequently, that Professor X., new 
head of the tuberculosis department, animated with all the enthusiasm 
that whole-hearted devotion to his subject can give him, has entered 
the faculty meeting which is to plan the curriculum for the coming year. 
Passionately determined to see it through, he sits down with a course of 
instruction in tuberculosis which he is convinced represents the minimum 
that a medical student may be given before he may be turned loose upon 
the public. Around the same table are a dozen or score of other heads of 
departments. Professor A., of genitourinary diseases, hasn’t the least 
doubt that a medical student who cannot cystoscope a man with comfort 
and profit to the patient is unfit for graduation. Professor B., of 
pediatrics, considers that graduate a menace to society, who, when first 
called in, might confuse chickenpox and smallpox. Professor C., of 
laryngology, insists that, since adenoids, enlarged tonsils and other 
nasopharyngeal affections are the most common disabilities of human 
beings, he must have a full third of the student’s time to impress the 
latter with his responsibilities. Professor D., of ophthalmology, makes 
out a strong case when he points out that the normal human eye exists 
only in the textbooks and that the least he can expect of the student is 
his taking a full course in refraction: he may waive instruction in minor 
complaints like pink eye and leave this to the pediatrician. And so it 
goes—from anatomy to X-rays—with the professors of the two major 
subjects of medicine and surgery silent and wondering how they are to 
squeeze in an occasional hour to tell the student how to treat a headache 
or a boil on the neck. 

The result is a compromise; or once in a while, if you will allow vulgar 
but expressive terminology, a “freeze out.” Professor X., if he has his 
wits about him, is brought to see that medical education to-day is 
concerned with a great deal besides tuberculosis, and that, in a school of 
medicine, there are even some reasons for looking upon a tuberculosis 
department as exotic and a luxury. I bring up this particular situation 
as a problem because it is a most real and practical one, yet one which 
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most homilies on what should be taught undergraduate students in 
tuberculosis have overlooked. 

Problems of another nature arise when we attempt the tuberculosis 
education of graduates, who are usually general practitioners. We have 
long been aware that many of these men were clamoring for a better 
appreciation of our most common affliction: and in response to an insis- 
tent demand it has become fashionable to organize schools for “intensive” 
instruction of tuberculosis. These schools pretend or essay to range the 
field at large, and in six weeks at the longest place. before the student 
the totality of our knowledge of tuberculosis. Tuberculosis in children 
is covered in an hour or two, while the larynx, the bones and joints, the 
genitourinary system, the meninges, the peritoneum and intestines, 
receive as much or less attention. One morning will generally “clean 
up” the bacteriology of the bacillus, and another morning the patho- 
logical reactions to the bacillus. There are demonstrations and drills on 
signs and symptoms, with fleeting interludes of institutional management 
and the social phases of tuberculosis. The paper plan of some of these 
courses is almost a transcription of the table of contents of Cornet’s book, 
and if anything is missed I have failed to detect its absence. All this in 
six short weeks and less! 

I would be the last to dispute that in experience and judgment the 
man who has practised medicine has a very definite advantage in assimi- 
lating knowledge over the immature undergraduate. Yet I consider it 
arguable whether this advantage’ may not be offset by the enthusiasm, 
the plasticity and the quickness of perception which are more common to 
younger minds. And I seriously question whether this cramming process 
of ‘‘intensive”’ instruction of graduate schools is serving the best interests 
of either student or education in tuberculosis. A student with a fair 
knowledge of tuberculosis can no doubt profit much by the course and 
have his ideas orientated and crystallized. But the student without 
such preliminary knowledge—and he is one of the majority who take 
these courses—must run the danger of stepping from the crystalline 
atmosphere of ignorance to a murky one of intellectual fog. I had rather 
see the average graduate student put on one case and on one sputum and 
one cadaver or pathological specimen and one infected guinea pig and 
one culture until, with his instructor, he had exhausted the possibilities 
of éach, than continually transferred from one sketchily presented subject 
to another. I believe that this method would turn out wiser and more 
effective men. It might look less showy in the prospectus and appear 
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less popular to those unfit and unprepared practitioners who were accus- 
tomed to gaze upon the wealth of Vienna clinics: but effectiveness in 
education must be estimated, not by the mass that is presented to the 
intelligence, but by the growth which the intelligence has assumed. 


Four years ago I spoke at an annual meeting of this Association on 
Undergraduate Instruction in Tuberculosis. Before leaving for Cin- 
cinnati I read my address to Doctor Theodore Janeway, a man of broad 
experience and vision. I was in the midst of reciting apparently essential 
details for the proper training of medical students, and among other 
necessities came upon the phrase “an able and enthusiastic teaching 
force;” when Janeway interrupted with, ‘‘Ah, that is the heart of the 
whole problem. Where and how are we going to get the able and 
enthusiastic teachers?” 

Since then my time has been continually and exclusively occupied with 
tuberculosis work, much of which has had to do with the education of 
students, both undergraduate and graduate, and of the public. Perhaps 
no part of it has been so beset with what seem to me unsolved difficulties 
and problems as this one of education. And in reflecting upon them I 
usually find myself coming back to Janeway’s query, “‘How and where are 
we going to get able and enthusiastic teachers?”? To me ‘“‘able and 
enthusiastic teachers’? mean men who before they essay to teach are 
thoroughly grounded in tuberculosis; men, also, who are making of it 
their life study; men capable of conducting investigations, and with the 
time.at their command to do so. 

Our potential sources of tuberculosis teachers would seem to be the 
medical schools, the sanatoria and the small body of practising and 
consulting physicians who are making of tuberculosis—usually pulmon- 
ary tuberculosis—a specialty. To the uninitiated it might seem a 
simple matter to call upon men from all three sources and put them to 
work at teaching tuberculosis. But a very incomplete survey of condi- 
tions as they exist at present will at once bring to light many handicaps 
which would hobble any efforts to build up a strong body of men who are 
to devote their lives to the teaching and scientific pursuit of tuberculosis, 
both of which occupations are in my mind, inseparable requisites for 
real effectiveness. 

So far as medical students are concerned, you will no doubt grant that 
their instruction must proceed in the medical school or under its auspices. 
Our newer and more solid ideas of infection, immunity, symptomatology, 
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diagnosis, latency and activity, therapy, etc., point out with increasing 
emphasis that tuberculosis is a subject which comprises vastly more than 
the diagnosis of its pulmonary phases and the treatment of special classes 
of these. Only in medical schools connected with large general hospitals 
can we expect to come in touch, even approximately, with tuberculosis 
asawhole. The function and the opportunities for observation in almost 
all sanatoria are, after all, very limited and very special. Almost all their 
inmates are referred patients, with diagnosis already made, and represent 
usually a few selected more chronic types of disease.. A man may spend. 
a lifetime at a sanatorium, be looked upon as an expert in tuberculosis, 
and yet never called upon to make what is now and again the most difficult 
of diagnoses, namely, that of acute tuberculous pneumonia or miliary 
tuberculosis in a previously healthy adult. Yet this is the common 
contact of the general hospital ward with pulmonary tuberculosis, and 
brings into play diagnostic qualifications which the average sanatorium 
resident has not had the opportunity to acquire. 

The X-ray department of a large general hospital will make obser- 
vations on as many as twenty thousand plates a year, depicting every 
variety of pathological abnormality occurring at every age. It is to be 
expected that the same man will gain a much broader and a more exact 
idea of the roentgenology of tuberculosis in a general hospital than in 
a sanatorium; and the fact that in the former his impressions will 
quite often be tested by an autopsy will contribute to his poise and 
carefulness of interpretation. 

The question of tuberculosis as against other affections comes up daily 
in the children’s clinic, and now and then you will be fortunate enough 
to observe the clinical disease develop under your eye in children whom 
you had previously had under observation for measles, pneumonia, etc. 
The masked phases of tuberculosis, as they present themselves to the 
dermatologist and ophthalmologist, call for thorough investigation from 
the point of view of foci elsewhere in the body. More marked mani- 
festations, which come to the attention of the orthopedist, the urologist 
and the general surgeon, present the same opportunity. The tubercu- 
losis dispensary has its own unique problems of diagnosis and treatment; 
while the hospital pathologist will. show you tuberculosis where it was 
never suspected during life and no tuberculosis where you had positively 
proclaimed its presence. 

Now, with all these opportunities to study and teach tuberculosis 
as a whole—and this is the only truly effective way to handle the subject 
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—there is not a single medical school or university in this country which 
has shown itself fully alive to the possibilities of developing the scientific 
side of tuberculosis. There is not even a single adequate, permanent 
foundation in tuberculosis. The result is that there is no inducement for 
the better class of men to go in for acareer in tuberculosis, with the further 
result that we can develop few able teachers in the subject. 

What attracts eager, young minds with a passion for study and inves- 
tigation to enter upon a scientific medical career? It is, besides the 
facilities and opportunity for work, the possibility of ultimately attaining 
a position of dignity and influence in their chosen work. Thisis, and 
always will be, the incentive: the opportunity to make money, to “‘cash 
in,’ will always be subsidiary and when it comes and is grasped, it usually 
plays havoc with a man’s usefulness as an investigator. Without the 
incentive I have mentioned we can look forward to but little advance in 
real tuberculosis education; for we will not be in the position to train 
teachers of the same grade, say, as those who now occupy our chairs of 
medicine, surgery, pediatrics, etc. 

Let me put the case a little more pointedly. I direct a department in 
tuberculosis. Its primary objectis research. In itis also a dispensary, 
and it teaches students by clinics, lectures and first hand demonstrations 
of patients. It has, moreover, desk facilities for the laboratory training 
of a few students. 

Now, suppose a man comes to me, fired with the idea of devoting his 
life to the study of tuberculosis. He wishes to train under me. What, 
in all honesty, am I to tell him? Why, I must talk to him something 
as follows: ‘‘You are welcome to every facility that is here and I shall 
give you every aid. But I really don’t know what to do with you if you 
make good, if you gain a mastery of your subject and show talent for 
furthering it. On the other hand, I don’t want you if you are going to 
fail: and if I knew or thought that you will fail, I should not take you. 
Yet, if you do make good, where is there a position for you? If you should 
go into medicine or surgery or gynecology or pathology or any one of a 
dozen other branches, there are a full score of decent professorships in 
each, any one of which may in time come to you, provided you play the 
game and make the most of your abilities and opportunities. Now, I 
have watched you and have thought that you may have a special talent - 
for tuberculosis work; yet at present I really can’t see what’s ahead for 
you except my own job and it is not on any too secure a basis.” 
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I have made this kind of a speech, not once, but several times within 
the last few years: and I have made it with a gripping at the heart. I 
have turned men away, have seen them lost to tuberculosis, simply 
because I could not see ahead of them an adequate career in tuberculosis. 
Almost any other branch of medicine was open to a display of their talent, 
—but not tuberculosis. And remember, please, that I am in a peculiarly 
favored position. 

This situation would change over-night if we had foundations—de- 
partments of tuberculosis—in our medical schools: it will not change 
until we do have them. I should say that in medical schools like 
Columbia, Harvard, Pennsylvania, Chicago, Johns Hopkins, etc., an 
adequate foundation would require resources netting $50,000 a year. 

This is, indeed, the very heart of the problem of tuberculosis education. 
With permanent tuberculosis foundations, investigators and teachers 
would soon spring up. Many would come over from pathology, bacter- 
iology and clinical medicine. Many scattered phases of tuberculosis in 
general hospitals would be codrdinated and harmonized. Above all, 
students would be taught tuberculosis as a whole. It surely should not 
be necessary for me to detail what all this would mean to tuberculosis. 
Suffice it, that tuberculosis would take its place as a branch of medicine, 
acknowledgedly on a scientific basis. 

If we go to the sanatoria for our teaching and inspiration, what do we 
find? In trying to answer the question I wish to be particularly honest 
and fair, and trust that I may not be too lavish in either praise or censure. 

As I see it, there are invested tens of millions, supporting hundreds of 
institutions, taking care of thousands of patients who offer a most fruitful 
field for the study of tuberculosis which is hardly cultivated. The 
apparent apathy and lack of interest manifested by the medical staffs 
of sanatoria in the study and investigation of tuberculosis must be the 
despair of the well-wisher for tuberculosis. Here are hundreds of men, 
surrounded by a wealth of clinical material, yet real study of it is so 
uncommon that a sanatorium resident who publishes a paper now and 
then, at once and because of the fact, is regarded as an unusual man. 

I have asked many why this lack of initiative and investigative morale 
exists in the sanatoria; and have received various answers. Some men 
tell me that the present organization of the average sanatorium and the 
duties of its medical staff leave little time for study and thought. If 
this is true, then the quicker we bring it about that the resident physicians 
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are relieved of the responsibilities of business managers and stewards the 
better it will be for institutions, for patients and for tuberculosis. 

Others tell me that the very location of many sanatoria and the usual 
method of recruiting their medical staffs work against the development 
of lively and active interests in study and discovery. For very good and 
sufficient reasons, sanatoria are frequently placed in isolated places. 
Their medical staffs are thus cut off from that close association with their 
confréres which is so stimulating and so necessary, if intellectual stag- 
nation is to be avoided. 

Again,—so they say,—many, many sanatorium men are physically 
weak and medically weak. To be physically weak, within certain limits, 
does not necessarily mean that a man cannot do good work; it does not 
mean so, if within him there burns the passion to develop those talents 
of mind and soul which physical weakness quite often gives unusual 
chances for exercise. Somewhere in one of George Gissing’s essays, there 
is a phrase that runs something like this: that the man of thought is almost 
of necessity a man of impaired health. And our own Trudeau, or Kant, or 
Florence Nightingale, or Charles Darwin, or a host of thousands of others 
of the world’s great in all ages, bear witness to the eternal truth of Giss- 
ing’s statement. 

I am not so sure that a general indictment of ‘medical weakness” 
against our sanatorium staffs could be sustained. Nevertheless, it is 
noticeable that many of our residents, before taking sanatorium positions, 
have had no more training in general medicine than that afforded by an 
undergraduate course, and that frequently this has-been interrupted 
because of illness. Personally, I think that, if too many men of so little 
preliminary training hold posts of responsibility in sanatoria, it cannot 
be otherwise than bad for tuberculosis. There are, of course, exceptional 
men who will come through despite every handicap and deficiency of 
background; but, as a general thing, I am inclined to question seriously 
the voice of authority in tuberculosis which has assumed eloquence 
because of a superstructure of sanatorium experience on a cornerstone of 
an ordinary or crippled medical course. Too exclusive an attention to 
pulmonary tuberculosis with little or no acquaintance with general 
medicine is bound to give us a false tuberculosis; which might be worse 
than the ignorance of tuberculosis that would mark the general practi- 
tioner who shuts his eyes to.tuberculosis as a phenomenon to be reckoned 
with. 

Wherever the trouble may lie, the fact remains that too little study is 
going on in our sanatoria and too little solid work is coming from them. 
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And if anyone were to ask me how the situation might be bettered, my 
instinctive reply—and I hope Lawrason Brown will pardon me and allow 
me to make it—would be, ‘‘Go see Lawrason Brown.” For I consider 
that in ten years of residence at the Adirondack Cottage Sanitarium, 
under conditions which I know were not always rosy or ideal, Brown 
demonstrated what can be done with sanatoria as centres of investigation 
and development of tuberculosis. Further, I cannot see why Brown’s 
example in this respect cannot: be followed in scores of institutions 
throughout the country, yet the list of sanatorium men who have 
attempted to use their institutions as places for sustained and productive 
study is lamentably small. 

A man who is not interested in study is not a fit teacher; or, if this 
statement is too extreme for you, then a born teacher, who develops 
tastes for study and investigation, becomes an infinitely better teacher. 
Teaching consists in something vastly more than unbosoming your 
knowledge to the student. It demands that you have within you that 
interest and passion in your subject which will inspire your student and 
goad him ‘on to self-development: and this interest and passion can be 
kept alive only by study and investigation. 


Such then, sketchily and imperfectly presented, is the situation as I see 
it. Ihave tried to go to the root of things and discuss what appear to me 
as fundamentals. This has no doubt made me censorius, and indulge a 
spirit which is furthest from my intention. Let me remind you, though, 
that my own life’s work is wrapped up in this matter of tuberculosis 
instruction, that I have tasted of its possibilities, that I too am beset with 
difficulties which are far from solution, and that I am trying to find a way 
out. 

The sum and substance of my own view of present problems of tuber- 
culosis education are that (1) we should not expect too much from ini- 
structing undergraduates, because of the great diversity of topics 
which now occupy their time, nor should we lay too much stress on 
physical diagnosis in particular, since an expertness in this cannot be 
acquired from facilities now open to students; (2) short courses for the 
common run of graduate students require great simplification, elementary 
thoroughness and concentration on several—perhaps a very few— 
particular objects; (3) the heart of the problem is the building up of a 
body of able teachers; and (4) it is doubtful whether, with relatively 
few exceptions, able teachers in tuberculosis can be recruited from either 
medical schools or sanatoria under existing conditions. 
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If you ask me for solutions, then I would reply that I have none ready. 
Yet I believe that with definite objectives before us of what we wish to 
correct and achieve, with no illusions as to the time or trouble that it is 
going to take us to achieve our purposes, and, ever hopeful and thick- 
skinned against discouragement, with a long and strong pull working all 
together, we can work out satisfactory arrangements and send tuber- 
culosis far. 

We should at once begin to take measures to plan departments of 
tuberculosis in medical schools and to raise requirements for medical 
internship in sanatoria and standardize sanatorium management, the 
last object of which means that a medical director should be engaged 
with medical matters and with nothing else. 

We should decidedly get more general medicine into sanatoria and more 
tuberculosis into general medical schools. I can see nothing to prevent 
working arrangements for fortunately situated institutions, whereby 
sanatorium residents may spend part of their time in general hospitals, 
while hospital residents and medical students similarly put in a month or 
several months a year at sanatoria, and whereby the several institutions 
may exchange teachers and laboratory workers. 

I have rather grandiose visions of the possibilities of sanatoria in 
education, just as soon as the morale of their staffs is uplifted and tight- 
ened all around and their functions are broadened as I have attempted to 
point out. I hope to see them centres of investigation and of solid 
instruction in tuberculosis to physicians roundabout. The time is almost 
ripe for sympathetic bodies like the American Sanatorium Association 
and the National Tuberculosis Association to undertake an exhaustive 
and constructive inquiry into how the scope of tuberculosis sanatoria 
may be broadened and improved, especially from the point of view of 
education and scientific activity; for, with the millions invested by the 
people in sanatoria and in the face of a growing murmur that sanatorial 
functions are very limited and that the institutions are not giving results 
proportionate to value receive, it is inevitable that if we do not make the 
survey, if we do not take hold of the reconstruction, less charitable 
‘interests will demand the right to do so. 

And, as a parting observation, I would point out that tuberculosis, as 
an attractive and interesting field for study and training, will appeal to 
physicians and students alike, in a measure that is directly proportional 
to the devotion to study and productiveness in investigation which those 
at any time identified with tuberculosis exhibit. The animal man, the 
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general public, is just so “cussedly” constituted that the business of 
resting on one’s oars will not excite him: he delights in and is enthused 
and motivated by action. The moment a reputation becomes static, 
that moment it enters upon its descent to obscurity: growth comes only 
through feeding and strength through exercise. 


THE TUBERCULOSIS PROBLEM 


SOME THOUGHTS ON ITS SOLUTION! 


ALLEN K. KRAUSE 


From the Kenneth Dows Tuberculosis Research Fund, of the Medical Clinic of the Johns 
Hopkins Hospital and University 


Everyone of you knows the score of tuberculosis: an intolerable 
evil, because of its millions of preventable deaths; an enormous waster, 
through its withdrawal of millions more of people from productive life, 
its economic wrecking of innumerable homes, and its tax on us for the 
relief of the disabled and impoverished; and an ever-menacing peril, 
obscure and furtive in attack and development, and deceptive and 
treacherous in its course. 

As long as the weight of opinion documented tuberculosis as an afflic- 
tion which was inescapable for its victims and transmitted from parent 
to child through a constitutional vice, society could afford to be in- 
different to every one of the countless tragedies and disasters with 
which tuberculosis splotched its multicolored fabric Indeed, society 
had no other way than to survey with folded hands the ravages of the 
disease, as the members of society were wont to examine nervously 
their family trees and take comfort or alarm therefrom. 

The moment that the scientific world accepted Villemin’s demonstra- 
tion of the infectiousness of phthisis, the identity of scrofula with tuber- 
culosis, and the relationship of the pearl disease of cattle with human 
tuberculosis, the attitude of society began to lose something of its 
passivity. It awakened to the fact that it could resist. And when, 
a few years later, Koch placed before men’s eyes the actual cause of the 
disease, society turned to fashion the weapons of resistance. 


Not even the wisest seer can ever comprehend the full importance or 
ultimate effect of the most insignificant discovery. Truth discloses 
itself grudgingly and never, at any time, more than partially. Little 


1An address delivered under the title, “Solving Tuberculosis, a Many-Sided Problem,” 
at the open meeting of the ninth session of the Mississippi Valley Conference on Tubercu- 
losis, Columbus, Ohio, September 12, 1921. 
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by little it comes to our senses and, variously interpreted, takes its 
place in consciousness; and, if the past teaches anything, this is that 
every new secret wrung from Nature makes necessary a revision of our 
conception of its last revelation. At the same time, we are prone to use 
the truth according to our prejudices and habits of ratiocination ;—habits 
laid down through all our ages of ignorance. To us, tuberculosis would 
seem a perfectly hopeless and insoluble human burden, if we believed it 
wholly, or for the most part, to be on an inherited basis. Yet, to at 
least one of Villemin’s opponents, the idea of contagion made the situa- 
tion one of utmost despair. Pidoux, of the French Academy, was no 
doubt wholly sincere when he attacked Villemin’s experimental proof 
with the following sentimental broadside: 


What a misfortune if things should turn out in this way! Social economy, 
private and public hygiene, prophylaxis, medicine—all condemned before- 
hand in their aspirations and their efforts! The poor consumptives sequestered 
like lepers! Family affection at war with fear and selfishness, against a 
disease whose protracted course and homicidal atmosphere bid fair to wear 
out devotion! If phthisis is contagious, we dare not say it aloud. 


From that day to this we.have said it aloud; in tones which would 
seem vociferous to Pidoux; in terms, however, which have shifted with 
increment of knowledge and have been revised and readjusted to fit 
in with each new bit of information. Meanwhile, families have held 
together; and medicine, prophylaxis, and private and public hygiene 
have flourished with renewed vigor. 

All of you are again familiar with how hard the road has proved to 
be since Villemin’s and Koch’s time. I imagine that to the enthusiasts 
of thirty and forty years ago it suddenly broke into view straight and 
direct, an open path across the maze of existence. There was a disease, 
consumption. Many adults, but few children, had it. It was con- 
tagious,—in somewhat the same sort of way as diphtheria was con- 
tagious. People came in contact with other consumptives, at home or 
abroad, inhaled the germs and, not long afterward, fell ill with cough, 
fatigue and fever. Their physicians now had an easy method of dis- 
covering tuberculosis in them: a sputum examination would tell the 
tale. Brehmer, Dettweiler and Trudeau had shown how remarkably 
consumptives responded to measures of treatment. 

The tuberculosis problem was made up of a few simple elements, all 
easy of attack. Detect consumptives by examining their sputum. 
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Treat them in sanatoria and cure them. Their constantly diminishing 
number will in time remove the sources of infection. Only consumptives 
have tubercle. Therefore, clean up every consumptive’s surroundings 
and cook animal food, for these are the only sources. And, while 
Bayle in 1810 had called attention to quiescent tubercle in those in whom 
it was never suspected during life, and Laennec had warned of the dangers 
of false convalescences, or relapses, most men had forgotten this. 

To drag into the light the truth about tuberculosis, to make still more 
simple the problem, to find the cure and the preventive, and to cut off 
infection, workers swarmed to its study. Events crowded thick and 
fast. And, while the specific and the preventive and the cessation of 
infection yet remain to the achievements of the future, few diseases 
have been so fruitfully and profitably studied. In a-short time we have 
gathered a body of knowledge concerning tuberculosis that, despite 
unanticipated difficulties in its pursuit, is singularly authentic, and 
exceeds perhaps that of any other major disease. It has taught us more 
about the etiology of tuberculosis than we may affirm about our common, 
transitory, self-limited infections, which should apparently be much 
easier of solution. It has refined diagnosis of a disease of protean 
pathological manifestations to a point which is unique in infections: 
nor would we here, without argument, except the case of syphilis. It 
has made possible the detection of infection at a time that is long antece- 
dent to its manifestations. It has given us peculiarly exact standards 
for the accumulation of epidemiological data. It has provoked the 
contrivance of prophylactic measures which public hygiene in general 
is using with telling effect. 

The trouble is not, as some would have it, that we do not know enough 
about tuberculosis. We cannot know too much about any menacing 
condition that confronts society: and we surely do not know everything 
about tuberculosis. So much is certain. But to me it seems rather 
that our present predicament, if (as some assert) there exists one, pro- 
ceeds from a jumble of uncrystallized, unassimilated and imperfectly 
applied knowledge. We suffer from an excess of wealth which calls for 
better bookkeepers than our feverish quest of the lodestone has given 
us time to train. Bent on stumbling upon the nugget, we have been 
blind, only too often, to the meaning of the finer grains that have come 
to hand. Yearning for formulas, for concretes, for catchwords even, 
we have not got down to nor encouraged the sifting of basic principles 
from masses of conflicting data which have grown to discouragingly 
enormous proportions. 
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For, in no single phase, does tuberculosis present as simple an aspect 
as imagined by the pioneers. As concerns its social relations, its place 
in nature, it is time to stop looking for simples in tuberculosis. Every 
new fact during the last forty years has all the more loudly called out 
the warning for us to beware of the man who can perceive only one 
method of infection, one cause of onset, one diagmostic sign, one infallible 
test of prognosis, one method of prevention, one factor of resistance, one 
means of cure of tuberculosis. The bases of tuberculosis are almost as 
broad and large as its effects; its own mise en scéne as variegated as 
that of the world in which it plays its part and which it reflects. Its 
effects reproduce its causes; and give birth, as well, to many nonspecific 
and apparently unrelated conditions which in turn propagate more 
tuberculosis. 


Gradually we pushed back the onset of clinical tuberculosis from the 
observation of germs in the sputum to the detection of certain signs 
in the chest. We made the ferreting out of the early cases of tuberculosis 
the centre of our combat against it. As a first step, the physician had 
to be taught a new mechanism of diagnosis and its meaning. In time, 
however, we learned that many undeniably healthy people presented 
these infallibly diagnostic signs, and not long afterward became aware 
of the widespread incidence of infection in those who were not in the 
least danger of falling ill with tuberculosis. Diagnosis and etiology 
began to take on new values. When is a man ill with tuberculosis? Is 
it his signs, his symptoms or his history that should send him to the 
sanatorium? Physicians will still disagree on these two questions, but 
the old dictum of the earlier the diagnosis the better the chances of 
lasting cure remains unimpaired. 

Appreciation of the universality of infection made inevitable a more 
critical examination of our views of infection and etiology. It was 
hardly credible that everyone had been in direct and intimate contact 
with a consumptive—the idea of infection twenty years ago—or had 
ingested infected cow’s milk. Only a more catholic view of the possible 
methods of infection could fit the facts. 

For most of us, ordinary single and isolated incidents of infection 
are likely of slight moment. The etiology of manifest tuberculosis 
disease is more and more regarded as bound up in two factors, namely, 
unusual opportunities for repeated infection and unfavorable environ- 
ment. What constitutes an unfavorable environment is, in general, 
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understood accurately and in detail: and, just as it may swing the 
balance in the arrested case toward relapse, so it determines disease 
in the harborers of infection who, in better surroundings, would keep 
their infection quiescent. What proportion fall ill because of repeated 
infections and what proportion because of debilitating environment 
cannot be estimated; but all signs point to the latter as the more active 
influence. 

Thus the facets of our tuberculosis problem have continued to expand 
and to multiply: we could go on, and cite instance after instance of the 
light of new discoveries throwing its rays upon new and unexpected 
contingencies. We now reémphasize what has become an old story. 
Infection, of itself, is relatively unimportant—broadly speaking. The 
problem of preventing the outbreak of frank disease in the legions of the 
infected is the crux of the programme of prevention; and, in the whole 
scheme of tuberculosis, yields first place to only the pressing duty and 
necessity of providing means to restore to health those already ill. 

It is when we come to follow this phase of tuberculosis that we gain 
some realization of the true place of tuberculosis in our daily affairs and 
the delicate interrelationships between it and society. More or less 
poverty in a community will mean more or less tuberculosis: so will 
more or less crowding and improper housing, more or less hygienic 
occupations and industry, more or less occurrence of other diseases, 
particularly respiratory infections, etc. Under the circumstances our 
duty, our programme, is plain and permits of no equivocation. It is 
to contribute to the attainment of civic decency and cleanliness; of 
light, space and food enough for all; of a rational proportion of working 
and leisure hours for those who cannot dispose of their own time; and of 
the reduction of preventable infections to a minimum. 

The solution of the tuberculosis problem is, therefore, partly dependent 
on the removal of other evils and inequalities which constitute, no doubt, 
a more fundamental social problem than doés tuberculosis itself. We 
may not at all times be able to fall in with the propaganda that aims to 
arouse man to the accomplishment of apparently remote objects which 
would undoubtedly have a direct, though unintended, effect on tubercu- 
losis. Time and again, in the welter and narrow provincialism and 
chauvinism of issues, I certainly cannot. Yet there can be no question 
as to what direction our sympathies and activities as tuberculosis 
workers should take. They must ever be enlisted in whatever makes 
for equality of opportunity, intellectual and material: they must 
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strike at civic neglect and pillage: they must bring home to the people 
how inevitably is tuberculosis the child of their dirt and darkness and 
deprivation of the comforts of life: all this after individual responsi- 
bility is given its place; and all this, too, with the strict proviso that as 
a health organization we dare never become involved in politics or in 
class conflict. It is for us to point out the way as concerns tuberculosis: 
it is suicidal to our cause to allow our devotion and enthusiasm to out- 
run our whole responsibility to mankind. I may, for instance, look upon 
tuberculosis as a terrible evil, yet I should regard the abrogation of 
certain fundamental Anglo-Saxon rights or the disruption of some fea- 
tures of our social and economic structures as far greater catastrophes, 
even though it could be shown me that the latter would surely bring 
about the abolition of tuberculosis. 

We have been going ahead. With never a thought about tubercu- 
losis, society has contributed to its decline. If you doubt its decline, 
read the mortality returns for the last few years. Bunyan’s designa- 
tion of consumption as ‘‘the captain of the men of death” no longer 
holds—in this country at least—and we speakers on the subject have 
thus been deprived of our thriller of an opening phrase. 

Without reckoning on tuberculosis, society has slowed its sweep in 
many ways. The demand of city dwellers for better and cleaner streets, 
for parks, for public utilities within the reach of the poorest, for public 
schools which make your and my old ones seem like pesthouses, for 
medical inspection of schools—in short, for something in return for 
their taxes; the revolution—for it cannot be called less—in factory and 
office architecture and in plumbing for every purpose; the remarkable 
suburban development of our cities; the new principle and policy of 
vacation periods for wage earners; the unparalleled vulgarization of 
good dressing and many changes of clothing, with its attendant cleanli- 
ness and psychic uplift; the astonishing increase in popular amuse- 
ments, with a coincident diminution in household “chores” and labor; 
the extraordinary expansion of private and industrial insurance, which 
has mitigated economic shock for millions of dependents: all this, and 
much more besides, can have had no other effect than to aid in fending 
off tuberculosis. It has more than balanced provocative factors, such 
as the ever growing trend of the population from country to city, the 
immeasurably better facilities and the cheapening of the means of 
communication, and the far greater speeding up and strain of modern 
industry. 
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It is plain where our duty and our work as tuberculosis campaigners 
lie. It must be evident to all of you that increase of comforts, of leisure, 
of food, of space, of the individual means to obtain these, can come 
only from increased wealth which, whether we approve or not, results 
only from increased productiveness, And, while attempts to push 
production may, per se, involve the very strains and hazards that bring 
on tuberculosis, it is for us to get behind and encourage every ameliorat- 
ing factor at the same time that we are trying to reduce the unnecessary 
friction that enters into the supplying of our necessities. Develop 
whatever is at hand, which you know serves your purpose: in this way 
you will come to a task that becomes even lighter. Cease hankering 
after the hypothetical and the untried, that is, if this means your apathy 
and destruction of what is known to have some good in it: for remember 
that tuberculosis has always shown itself to be almost uncanny in its 
grasp of actual conditions and opportunities. 

There are not a few men who have been so impressed by the decline 
of tuberculosis, which parallels zm time the birth and development of our 
industrial era with its marvelous expansion of wealth and comforts, 
that they will allow nothing to intentional efforts to reduce the inroads 
of tuberculosis. It is only fair to say that mathematically we can no 
more refute them than they can prove their point: and, since they 
cannot prove it, it would seem little to our purpose to attempt a refuta- 
tion. Yet it does seem curious that our larger life insurance companies 
which can have not even a sentimental interest in the organized tubercu- 
losis movement, provided we have merely been beating the air, are 
continually calling attention to the reduction in mortality that has been 
brought about by organized endeavor. I leave the mathematical calcula- 
tion of spatial relations to their own trained statisticians, with more 
confidence than I would have in my own ability to interpret the meaning 
of figures or in that of our sceptics. | 

At the moment a chart of the death rate from tuberculosis in New 
York City lies before me. It shows that in 1900 the total death rate 
was 280, made up of a rate of 237 for pulmonary tuberculosis and 43 for 
other forms. I think it will be conceded by all that, in the twenty years 
that have elapsed since our pre-National Association days of 1900, 
we have made some progress in diagnosing tuberculosis and a marked 
advance in reporting deaths from it. There are to-day not nearly the 
ignorance and concealment of tuberculosis as a cause of death that 
existed then. Yet the chart shows a total mortality rate of 126 for 
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1920, the resultant of 109 for pulmonary disease and 17 for other forms. 
It is simply unbelievable that so remarkable a decline represents merely 
the reflection of social and economic betterment on tuberculosis—through 
a period which suffered a war, several years of unusual pneumonia 
mortality and an unexampled scourge of influenza. 

Without our sceptics and apostles of negation we would no doubt 
lapse into flabbiness, smugness and inertia. We should welcome them; 
yet we must always insist that they prove their case, for I cannot recall 
a single important measure, undertaken by the organized antituberculosis 
movement, which was not based on the best scientific information 
available at the time. It is all very well for the man with mind centered 
on the biology of the germ to tell us that we are all wrong. It is his 
privilege; but he must have something better than dreams and specula- 
tions to make us turn from due and proper attention of the victims of 
the germ. It is again within everybody’s province to toss off a sweeping 
condemnation of sanatoria as places for the relief of tuberculosis: we 
might even aid and comfort him with statistics, got up in a certain 
fashion. But we must ask whether he understand the functions of 
sanatoria and whether their limitations are inherent or merely phases 
of a situation which society has neglected to meet and which are beyond 
the control of the sanatoria. 

I mention sanatoria advisedly, for the reason that I find myself reading 
more and more about their uselessness. Now, anyone with a taste 
for numerical literature and hardened in the reading of sanatorium 
reports, will soon appreciate two outstanding facts about sanatorium 
patients. The first is that they do extraordinarily well while in sanatoria. 
The second is that, after about twenty years after they have left the 
institutions, most of them have died of tuberculosis. 

To me this combination of circumstances proves only two things, 
namely, that sanatoria are excellent places for consumptives and that 
the world outside of them is the very reverse. It indicates, moreover, 
that if we had more sanatoria, enough to keep patients for a much longer 
period than the customary six months of residence, many more would 
survive the shocks of everyday life to which they return. For the 
last twenty years no one familiar with sanatoria has imagined that the 
ordinary patient, obliged to return to home environment and in many 
cases contribute to family support, can be “‘cured” of tuberculosis with 
even the remote expectation that he stay “cured.” Few would venture 
the opinion that a well managed sanatorium ever harmed a consumptive; 
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but there are thousands of former consumptives who would testify 
that sanatoria had saved their lives, thousands who experienced a 
return to health during their stay in the institutions and who, favorably 
situated afterwards, avoided relapse by following out the precepts 
learned in them. 

That many, perhaps most, sanatorium patients ultimately die of 
tuberculosis is no fault of the institutions or the principle that brought 
them into being. It signalizes a gap, and an important one, in our 
present methods of solving the tuberculosis problem. It points out 
the need of some helping hand, some adjuvant, for discharged patients 
to help them over the rough places and make easier for them those 
three or five most critical years that follow a first arrest of clinical 
tuberculosis. That Doctor Pattison of the central office of the National 
Association is at present working out plans to meet this need, as re- 
ported in the August Bulletin of the National Tuberculosis Association, is 
one of the most heartening pieces of news that we have had in several 
years. Better care and supervision of old patients is a situation which 
must be met and will be met. Its returns will be large: a reduced 
ultimate mortality, more complete records and control of our vast 


shifting tuberculous population and many more returned to industry 
will surely result. 


We have thus far touched upon diagnosis, the development of phthisis, 
the reduction of mortality, the prevention of infection, sanatorium 
treatment, and the supervision and rehabilitation of arrested and 
treated cases as elements of our tuberculous problem. The reduction 
of mortality, the development of phthisis, the prevention of infection 
and the rehabilitation of treated cases present the major complexes 
for solution. Of these the reduction of mortality is perhaps the most 
important, because it is at any time the most immediate and pressing 
problem, involving, as it does, the care and treatment of the positively 
tuberculous. 

We attack the problem of mortality from several angles. We aim 
to restore to health those who have fallen ill; and here enter our problems 
of treatment. We know to a certainty that the earlier a case of active 
tuberculosis is detected, the greater are its chances of arrest and cure: 
here crop up our problems of diagnosis, of medical education and of 
bringing home to the lay public the possible significance of the more 
common symptoms of tuberculosis, for the all too frequent failure to 
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start patients early enough on the road to treatment is due quite as 
much to their own disregard and neglect of first warning signs as to the 
ignorance and slackness of physicians. Most deaths from phthisis 
occur, not at the end of a continuous illness, but after a protracted up 
and down course of alternating periods of comparative well being and 
relapse: the solution of our problems of so called after-care and of 
adjusting the consumptive to his environment is, therefore, bound to 
be as necessary as any, and I am confident that it will be worked out. 
Since there would be fewer deaths if fewer people fell ill with tubercu- 
losis, the problem of mortality is intimately related to and dependent 
upon that of the development of phthisis. 

I should say that at present the last named major problem, that of 
the development of phthisis, ranks second only to that of mortality. 
Broadly speaking, it should take first place, for it is the heart and kernel 
of the whole tuberculosis situation. We can certainly reduce our 
death rate most effectively and economically by preventing illness. I 
imagine that if we would have accurate and adequate records before us, 
we would find that the proportion of mortality reduction brought about 
during the last half-century through the broad influence of social and 
economic changes has depended largely on the fact that fewer people 
‘are falling ill with tuberculosis. Several men, now well along toward 
seventy, have mentioned to me that it is their impression that consump- 
tion is not nearly the common disease it was when they were younger. 
Allowing for errors of diagnosis and the contracting circle of friendships 
and acquaintanceships of advancing age, it is nevertheless probably 
true that consumption,—advanced pulmonary tuberculosis,—has under- 
gone a notable reduction of incidence. 

The problem of the development of phthisis is our most complex one, 
and goes deep—deep into our most involved knowledge of pathology, 
infection, resistance and heredity, and deep down and through our 
social and economic structure and the habits, customs and activities of 
man. It cannot here be gone into with any detail: and only a few 
observations must suffice. 

The occasionally expressed opinion that there has been less tubercu- 
losis or more benign forms of it during the last hundred years, because 
during this period universal infection has been bringing about the 
natural immunization of human beings will hardly bear serious analysis. 
As a major cause of death and illness tuberculosis has been taking its 
toll for thousands of years. The situation as regards infection in cities, 
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in homes where consumption existed, and in ordinary traffic and inter- 
course must always have been worse than it is to-day. For centuries 
tuberculosis had apparently maintained a level of “‘saturation”’ through- 
out Europe, and began its noticeable decline with the dawn of the 
universal lightening of man’s labor by machinery and a consequent 
enormously accelerated multiplication of wealth. There can be no 
doubt that infection confers a measure of specific immunity; but it is 
difficult to understand why this immunity has been operating through 
only the last fifty or a hundred years. As a matter of fact, the major 
part of the people of Europe must have been infected and as immune 
as they are to-day for centuries. In 1913 the inhabitants of Europe 
were surely as immune as they were in 1910 or are to-day; but along 
came a war and active tuberculosis increased by leaps and bounds, to 
levels that had not been recorded for decades. : Wherever the sum total 
of prolonged stress and deprivation was greatest, there tuberculosis 
made its greatest gains. This fact will serve to give us some insight 
into what brings on tuberculosis and what stays its hand. 

This phase of the tuberculosis problem and public hygiene are peculiarly 
interdependent. Both are advanced by ceaseless effort to better con- 
ditions under which we live and work, and by educational propaganda. 
Slow and long continued medical observation of delicate school children 
and special schools adapted to their physical needs are bound to prevent 
the outbreak of many cases of tuberculosis in both childhood and adult 
life, as well as nip in the bud many others which may be deVeloping. 
The popular education of children in tuberculosis and public health 
and the organizing of them into ‘‘health clubs” have only lately begun. 
Both cannot help having a decidedly salutary effect. It is safe to say 
that, where one child knew something about tuberculosis ten years ago, 
a hundred do so now.. But it is not in personal application where we 
must expect the greatest effect: it is in familiarizing coming generations 
with tuberculosis and its results, in such measure that the citizens of the 
future, with sympathies and interest long before awakened and main- 
tained, will be all the more accessible in giving their support to the 
warfare against tuberculosis. No matter how slight or vague may be 
the immediately direct and apparent results, we should keep at this 
education of the children incessantly. 

Were every physician alive to the contributory effects of many other 
diseases in bringing on tuberculosis, and the conservative and special 
therapeutic measures to be taken in the circumstances, many cases of 
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frank tuberculosis would undoubtedly be prevented. Similar apprecia- 
tion of the masked and minor manifestations of tuberculosis, particularly 
in children, would avert many a later catastrophe of more serious dis- 
ease. It is here again, therefore, that the proper education of physi- 
cians and medical students enters into the problem. 

There is scarcely any doubt that in a certain number of cases the 
development of phthisis hinges on unusual exposure to infection—either 
wholly or in part. The primal problem of the prevention of infection 
loses, in consequence, none of its point, even though newer concepts of 
infection and disease have latterly altered our views of the prevention of 
infection considerably. 

We no longer regard ordinary natural infection as a determining factor 
in producing manifest disease: indeed, there are some who hold that 
ordinary infection is a safeguard. At any rate, mast natural infections 
are so slight or are of such a character as never to inconvenience us in 
the least. Notwithstanding this benignity, it would be surely our duty 
to prevent all infection, if we could. But the naked fact is that at 
present the distribution of tubercle bacilli enjoys such a wide range 
that we cannot. It is common experience to obtain positive infection 
tests in people, in young children, for whom the slightest and most 
transitory contact with bacilli cannot be established: and we have no 
other recourse than to assume that viable germs lurk in the most 
unexpected and out-of-the-way places. 

Now, most of these must come from some spitting or coughing con- 
sumptive. And every consumptive trained or ‘‘policed”’ into the proper 
disposal of his sputum lessens the sources of infection by just so much. 
We should, therefore, become more militant in our antispitting cam- 
paign and arouse a more or less complacent public to its enforcement. 

As to the danger from the careless consumptive who insists on grossly 
infecting his environment, and as to the measures to be taken to mini- 
mize it, there can be no two opinions. Such a man becomes, by virtue 
of every consideration of public safety, a case for the police. My own 
general point of view is such that I would probably be the last man to 
invoke too readily the enactment of legislation or the arm of the law 
to solve our health problems. I believe that popular education and 
sympathetic persuasion will in the long run accomplish more, and this 
in shorter time. But it will usually be found that the thoroughly 
refractory consumptive has something of the imbecilic or vicious about 
him which may yield only to force. 
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But by far the greater number of consumptives’ homes need the 
light of sympathetic instruction, not the tug of the strong arm. And, 
throughout the world, one of the most effective antituberculosis 
measures, once it is properly developed, will be home reconstruction, on 
the basis of a case of infectious tuberculosis in the house, which will 
follow in the wake of the reporting of the case to the public authorities. 
Once reporting is thorough and complete,—and this will mean still 
more education of physicians,—and once every city has an adequate 
staff of home visitors, of the right sort, whose function is to extend 
aid and to inspect and instruct, our morbidity and mortality declines 
will in time become still more marked than they have been. 

Solving tuberculosis in any community means, of course, that we 
proceed effectively along all lines. To emphasize one while we neglect 
another may be merely to balance factors, or like adding pluses and 
minuses. Some localities have developed one or several plans of attack 
to an unusually high degree and, in particular respects, have furnished 
us with models; but no one community has tasted of the rewards that 
would follow a completely rounded campaign based on our present 
knowledge of tuberculosis. 


During this recital it must have occurred to you more than once that 
the bases of our attack on tuberculosis are all broad facts and generaliza- 
tions gathered from medical observation and research. And it may be 
ventured that, granted that our information is correctly applied, we will 
approach the final solution of tuberculosis problems as we advance in 
our knowledge of the nature of the disease and its effects. In fact, the 
only basis which any intelligent tuberculosis campaign may have is one 
grounded on medical science. | 

It follows, therefore, that underneath all our efforts to fight tubercu- 
losis must be the most active spirit of study and discovery. This and 
its results, and these alone, will ultimately solve tuberculosis. If 
society is to make notable progress against tuberculosis it must en- 
courage research in it. The marvel to-day is not so much the vast 
body of information that has been accumulated, as the fact that this 
has been done with meagre resources. We can only hope that the 
future will disclose more generous provision for the pure study of tubercu- 
losis; for it deserves lavish backing, both on the score of the magnitude 
of the problem and on the record of past performance of investigators 
of the disease. We must have permanent foundations, affiliated with 
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teaching hospitals, which, in addition to ample facilities for experimental 
work, will enjoy the advantages of a wealth of clinical material, will 
be in a position to instruct both medical student and physician, and, 
most important of all, can offer careers of sufficient influence and dignity 
to attract the most promising of our young graduates. Make tubercu- 
losis a major subject of medical teaching and study, and superior men 
will flock to the field. 

Hardly less important are the interpretation and orientation of our 
knowledge and its dissemination. We need more critics and commenta- 
tors—bookkeepers, as I said before—men of the broadest experience 
and knowledge and vision who will give of themselves to the cause. 
Nothing will continually enliven interest in tuberculosis quite so much 
as intelligent discussion. We need also compilations and digests of all 
related published work, and easily used reference indices, available to 
all serious writers and teachers on the subject. All this has been 
appreciated by the authorities of the National Association, to an extent 
that it has provided with unusual liberality for a beginning along these 
lines. 

Then there is the machinery of the warfare on tuberculosis. We 
can dig out the ore and sometimes fashion the tools, but you, the tubercu- 
losis apostles who work among the public, must adapt them and erect 
the machinery to apply to the task. When applied to matters that 
merge so intimately into human relations as tuberculosis, the word 
machinery strikes a chord that sends out a repellent timbre. Neverthe- 
less, something like it is necessary in our effort at solution, whether we 
call it machinery, plan, scheme, organization, or what not. No matter 
how high-minded our intentions or how profound our understanding of 
the situation may be, we become effective only as we proceed with well 
matured—and, may I say, elastic—system. I venture “elastic.’ 
because, as I conceive it, the tuberculosis situation is bound to differ 
in detail in every community; and in every place well tested methods 
must be modified and moulded to the actual local conditions: besides, 
I sometimes get the impression from what I read that antituberculosis 
measures are in some quarters looked upon as rigid and immutable 
methods of procedure. Again, as in every other human pasture, so 
in the intensely human one of tuberculosis work, personality counts 
vastly more than technique; and this is the first lesson that the field 
worker, who wishes to help to solve and not to complicate further a 
supremely difficult problem, should take to heart. 
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I haven’t a very exact idea of why I was asked to speak to you on my 
particular topic. I cannot persuade myself that your executive officer 
looked to me to tell you anything new about the tuberculosis problem. 
The organized tuberculosis movement in this country has been so alert 
and responsive to the significance of everything that may relate to 
tuberculosis or contribute to its conquest, that, after years of unrelenting 
work, it may now fairly be said to have vulgarized and popularized the 
subject. It has surely brought home to you—long ago—every phase 
of the problem which I have touched upon and every key to its solu- 
tion—and much more besides. 

I have therefore not tried to tell you anything new; for, to be truth- 
ful, I cannot. But, even though all of us agree on the nature of the 
many elements that might enter into the formation of a highly compli- 
cated whole, every one of us, if we are honest, will undoubtedly view 
the relationships existing between the several elements, and between 
these and the whole, through different lenses: we will weigh them on 
balances which will vary in scale: for we see through the eyes of our 
individual experiences and score our ponderables accordingly. I have 
therefore thought it best to restate the problem, and, more or less at 


random, and in detached fashion, set before you to-day’s views, based 
on the trend of tuberculosis work of the past, and likely to change 
to-morrow with any readjustment which new contributions may make 


necessary. 

Yet, there is one central thought concerning tuberculosis which I 
think will stay with me through whatever changes which the future 
may evolve in my point of view. This is that tuberculosis is not an 
isolated phenomenon in human existence, to be regarded solely by itself: 
we must come to appreciate its relationships with all human affairs 
and its interactions with these. And, if you will apply to tuberculosis 
what I am about to quote, you may understand better what I mean. 
In an editorial on a subject remote from tuberculosis, I recently read 
in The Manchester Guardian as follows: 


The theory of the web of life is the keynote of modern natural history, and 
we are always gathering new instances of infinite and unexpected connections. 
To kill a wagtail may be to bring disease to a flock of sheep. Who drives 
out bees drives flowers from his land. In exactly the same way social reform 
is distorted by rigid analysis. The problems of society merge in a single 
complex of moral and economic adjustments. By building houses we empty 
hospitals; prosperity slackens the pressure on the prison; schools and schooling 
tilt the balance against the police court. 


NOTES ON THE ANTITUBERCULOSIS CAMPAIGN IN THE 
WEST RIDING OF YORKSHIRE, ENGLAND 


JOHN B. McDOUGALL' 
Wakefield, England 


There is so much in common in the efforts which are being made by 
America and Great Britain in combating tuberculosis, that it may 
savor of redundancy to go into details of the work which is being carried 
on in the West Riding of Yorkshire, England. 

Yet there are certain differences between the schemes of the two 
nations which may prove of interest to members of the profession en- 
gaged in the administration of tuberculosis schemes in America. To 
enumerate the details without stating the essentials of the campaign as 
a whole would, however, not do justice to the efforts which are being 
made throughout Great Britain. 

Before dealing with the work in the West Riding it will be well there- 
fore to point out one difference, not of detail, but of fundamental im- 
portance, in the antituberculosis campaign as it is carried out in this 
country. 


THE MINISTRY OF HEALTH 


The Ministry of Health has, as its chief function in tuberculosis, the 
levelling up of the schemes of the various local authorities. No ex- 
penditure of any kind can be undertaken without the permission of the 
Ministry, and even appointments to the tuberculosis staff of any local 
authority are subject to the formal approval of the Minister of Health. 
The government grant in respect of institutional treatment alone is 50 
per cent of the total expenditure, while the dispensary system, and the 
other units in the scheme, for instance, the medical and nursing services, 
are also subsidized from government funds. It will be seen therefore 
that practically every detail concerning the financial aspect of the ques- 
tion is under the Ministry’s control and subject to their approval. It 
must not be thought that local progress is hindered by what may appear 
at first sight to be government restriction: on the contrary, the desire 
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and aspirations of the Ministry are so high in many things that it is only 
by great effort that local authorities can keep constantly abreast of the 
exacting demands imposed upon them from London. 

Not the least important function of the Ministry is the setting up of 
special committees to investigate questions of particular interest at a 
giventime. The findings of these committees are printed and distributed 
to tuberculosis officers in the country, who have, if they choose, an 
opportunity of discussing the details as they affect each area with the 
Ministry’s medical adviser. The network of training colonies for 
tuberculous ex-servicemen is a product of the deliberations of one of 
the special committees referred to above. 

The Ministry of Health is always prepared to receive and consider 
suggestions from tuberculosis officers attached to local authorities, and 
experience has shown that these suggestions have occasionally been acted 
upon by the Ministry to the benefit of all concerned. 

Following the example of the Ministry itself, each local authority,— 
county council or county borough as the case may be,—has its own 
tuberculosis department, and, with a few exceptions, its own tuberculosis 
' medical staff, composed of men specially trained in the diagnosis and 
treatment of the disease. 

The Medical Officer of Health of the county or county borough is 
Chief ‘Tuberculosis Officer, but in the larger areas the great bulk of the 
work falls upon an assistant who has been appointed Tuberculosis 
Officer, and who is, or should be, a clinician as well as an administrator. 
For many years past there has been much difference of opinion as to 
whether the Tuberculosis Officer should be a clinician first and an 
administrator next, or vice versa. Whatever the more desirable com- 
bination may be, there can be no doubt that a man who is merely a 
clinician does not make an ideal Tuberculosis Officer. In urging all 
officers to take a keener interest in the preventive side of the question 
the Ministry of Health is making a recommendation which has much to 
support it from past experience. 


THE WEST RIDING OF YORKSHIRE SCHEME 


In placing the West Riding Scheme before readers of the AMERICAN 
REVIEW OF TUBERCULOSIS, it will be well at the outset to say that the 
area covered by the administrative county is approximately 1,640,000 
acres, that is, 2,400 square miles. The population is estimated at 
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1,492,592 (1920). A more complete mental picture of our county may 
be given to American readers if it be said that, so far as population and 
area are concerned, the West Riding Administrative Area would be 
reproduced in the United States if the entire population of South Carolina 
were transferred to the State of Delaware. 

As a local authority, the West Riding has the largest area in England, 
but the population is only the third largest in the country. 

The County Medical Officer is Chief Tuberculosis Officer. Since 
1913, however, there has been a special staff appointed to deal with 
tuberculosis as distinct from the other aspects of public health. This 
staff is composed of a Chief Clinical Tuberculosis Officer, 11 district 
officers, and 20 specially trained tuberculosis dispensary nurses, who are 
reinforced in the districts by 60 Health Visitors, who incorporate tuber- 
culosis visiting with the other branches of their work. 

The Chief Clinical Tuberculosis Officer has his offices and clerical staff 
at Wakefield, which is the centre for the administration of all County 
Council Departments (see map). Here he is in direct touch with the 
County Medical Officer of Health, with whom he may consult on prob- 
lems which encroach upon other departments of the public health ser- 
vice, and from whom he may obtain advice on important administrative 
matters. As can be readily understood, there are so many questions 
which border on the clinical and administrative aspects, that to define 
the Chief Clinical Tuberculosis Officer’s duties entirely in the terms of 
his official designation would be to leave many most important details in 
“no man’s land.” 

But whatever the difficulties may be in other areas in differentiating 
administrative from clinical duties, there is none in the West Riding, 
and in no instance has dual control ever been responsible for what may 
be termed, for want of a better name, “official bungling.” 

The Chief Clinical Tuberculosis Officer is entrusted with the general 
supervision of the Council’s scheme. He reports to the Public Health 
Committee at monthly intervals on all cases admitted to and discharged 
from sanatoria and hospitals, as well as on cases attending the various 
dispensaries. All recommendations for treatment, whether for sana- 
torium, hospital, dispensary or domiciliary, are submitted to him for 
approval by the District Tuberculosis Officers, and, in cases where 
institutional treatment is recommended, admissions are regulated direct 
from his office. 
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It is his duty also to keep the District Officers informed of new and 
important alterations in procedure, as may be decided upon from time 
to time by the Ministry; in addition, he has to keep careful records of, 
and act up to, the resolutions passed by his Committee. 

It not infrequently happens that special reports are asked for by 
enthusiastic and well-meaning lay members of the Public Health Com- 
mittee on matters concerning sanatorium returns, incidence of disease 
in certain localities, the minimum requirements for institutional treat- 
ment of nonpulmonary tuberculosis, etc. Such reports are compiled by 
the Chief Clinical Officer and distributed to all members of the committee 
prior to the next meeting. One feels that such work is well worth while 
even if one is compelled to condense important data, and deprive it of 
explanatory medical terms in order to make it readable for laymen. 
When special reports are considered to be of special value, they may be 
printed and circulated to all members of the county council, and to 
others who may be interested in the work of the Public Health Depart- 
ment. As a means of local propaganda, this course has proved useful 
on more than one occasion. 

Perhaps the most exacting part of the Chief Clinical Tuberculosis 
Officer’s work is to prepare and keep within the estimates of expenditure 
for the financial year. The expenditure per annum on tuberculosis in 
the West Riding is at present about £120,000. Every item must be 
detailed, even to the amount to be expended on oil-canvas for the domi- 
ciliary shelters. The task of keeping a close watch on each and every 
item in the annual budget is no easy one, but where and when possible 
a monthly report is prepared showing the rate of current expenditure 
under the various heads. 

It comes as a pleasant relief to the Chief Clinical Officer to undertake 
the essentially clinical part of the work, for which he was, after all, 
more particularly trained. And for the keen clinician there is much to 
do. His visits to sanatoria and hospitals are not so much for the pur- 
pose of examining individual patients as for taking a bird’s eye view of 
the working of the institution from both the clinical and administrative 
standpoints. He may of course consult with the medical superintendent 
on particular cases admitted from the districts, or he may have the much 
more unpleasant duty to perform of bringing to the notice of the resident 
authorities complaints made by patients. In this branch of the work, 
the greatest possible tact is essential, for just as the methods of adminis- 
tration of sanatoria and hospitals vary, so do medical superintendents 
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differ in temperament. Still, the task of investigating complaints must 
be done, but in the West Riding these are not common, and consequently 
the visits to the institutions are among the more happy experiences of 
the Chief Clinical Officer. 

The supervision of the dispensaries and interviewing of the district 
tuberculosis officers are also included in the Chief Officer’s programme. 
It is found that personal interviews accomplish infinitely more than 
correspondence by post, and that many points which cannot be ap- 
proached conveniently on paper may be brought to the notice of the 
Chief Clinical Officer by the District Tuberculosis Officer, who is in 
possession of first hand knowledge of local conditions. No new branch 
dispensary, for instance, is ever opened without taking the views of the 
District Officer into consideration, and a tour of inspection of the locality 
in the company of the District Officer is a procedure adopted by the 
Chief Tuberculosis Officer in every case where a request is made for the 
establishment of new premises. 

Every new item which involves financial outlay, however small, is 
reported to the Public Health Committee at the monthly meetings, but 
the more thorough the preparation of estimates at the beginning of the 
financial year, the less should be the need for coming before the committee 
at any time during the year for special grants for new ventures. 

An endeavor has been made to hold conferences of district tuberculosis 
officers at Wakefield at least twice a year. Two or three questions of 
special interest are introduced and discussed, but an additional advantage 
of these meetings is that the social side of the service is developed. It 
is realized that for uniformity of work there should be, as far as possible, 
uniformity of opinion on medical matters, but it is also true that much 
is to be gained by a free interchange of ideas on nonmedical matters 
between officers who are working together in the same service under the 
same local authority. 

Statistical tables, setting out details of attendances, diagnosis, deaths, 
expenditure on drugs and appliances at the various dispensaries, etc., 
are compiled by the clerical staff at Wakefield and issued at intervals 
to the district tuberculosis officers, who may in this way have some idea 
of the extent and scope of the work in other dispensary areas in the West 
Riding. The time and trouble taken in this important branch of the 
work is, I believe, well spent. 
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THE SUBDIVISION OF THE COUNTY INTO AREAS FOR TUBERCULOSIS 
ADMINISTRATION 


For purposes of tuberculosis administration, the West Riding is 
divided into ten sections (see map); each section being composed of a 
number of sanitary districts. As will be seen from the map, the acreage 
and population of these sections or areas vary, but, with the exception 
of the Otley area, which is too large, there are geographical and other 
considerations which render this subdivision of the county into ten 
areas a most convenient one. It is always difficult to determine the 
exact amount of work which should be allocated to each full time tuber- 
culosis officer. In a report issued recently by the London County 
Council, it was estimated that no officer should deal with an area in 
which more than 160 deaths from tuberculosis occur per annum. This 
figure, when applied to the West Riding Dispensary Areas, is too large, 
for many of the districts in the Riding are essentially rural. Asa matter 
of fact, each District Tuberculosis Officer has approximately 100 deaths 
per annum in his area,—again with the exception of the Otley District 
which, as already mentioned, covers too large an area. 

The different dispensary areas vary greatly in physical features, and 
in the manufactures which give employment to the population. Briefly, 
it may be said that the western and northern portions are hilly, while 
the eastern and southern districts are flat. Some of the townships on 
the Pennine Range are over 1000 feet above sea level, but the 
flat land near Goole and Doncaster is actually at the level of the sea. 
The geology ofthe county likewise presents peculiar differences in places. 
On the west there is a distinct band of the Peruvian system made up of 
marl and limestone, running the whole length from north to south. 
Near Skipton are the grits, but in the central and southern districts are 
the coal measureson which the towns of Wakefield, Barnsley, Rotherham, 
Doncaster and part of Sheffield appear. 

Manufactures. The West Riding of Yorkshire is noted for the variety 
and quantity of its exports. It would be out of place to record here in 
any detail the distribution of the various manufactures carried out in 
the county, but it may be said briefly that coal mining is confined to the 
central part, the south and the southeast; textile manufactures to the 
west; and agriculture to the north and east. The ‘“‘midlands” of the 
Riding, as represented by places like Leeds, Keighley and Wakefield, 
show a greater diversity in industry than is found in any other district in 
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the county, for here we have mining, textile work, glass making, and 
engineering as means of employment for large numbers of the population. 


It is not surprising, therefore, in view of the marked variation to be 
found in different parts of the county, that the work of the district 
tuberculosis officers should be of great interest when collected and sub- 
jected to careful analysis. At the present time, the same dispensary 
routine is in operation throughout all the areas shown on the map, but 
from evidence which is gradually accumulating, it is becoming 
more and more apparent that our efforts to combat the disease will 
require to undergo certain modifications in the light of statistical 
results. This will be referred to later on. 

Each Dispensary Area is under the direct control of the District 
Officer, who resides in the area. There are one central and one or more 
branch dispensaries in each area, all situated at convenient geographical 
points to suit the needs of the population. The clinical work of the 
dispensaries is on the usual lines. The original function of the dis- 
pensary as a diagnostic centre is constantly borne in mind, and treatment, 
except in special directions (for instance, tuberculin and artificial pneu- 
mothorax therapy, the “‘brass” treatment of lupus, and the modern 
methods applied to nonpulmonary tuberculosis cases), is not encouraged. 
Attendances are large, especially at the central dispensaries, where as 
many as fifty patients may attend during a session. We have found in 
certain areas that the setting apart of special sessions for special cases, 
for instance, Saturday mornings for children, evenings for workers, etc., 
has helped the organization of the work very considerably. 

The District Tuberculosis Officer is empowered to pay the travelling 
expenses of patients who may reside at some distance from the dis- 
pensary, but only in cases considered by him, after investigation, to be 
necessitous. 

A most important aspect of this work in the districts is the home 
visitation of cases. This is conducted by the officers and a staff of 
nurses. Of the 82 nurses engaged in tuberculosis visiting, 20 are specially 
appointed as Dispensary Nurses, and they are always in attendance at 
the dispensaries with the tuberculosis officers, to assist in the taking of 
records, temperatures, weights, etc. Their whole time is devoted to the 
tuberculosis side of the health service. 

Weekly reports of the work done by each dispensary are forwarded to 
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the Chief Clinical Tuberculosis Officer at Wakefield who is in a position 
to frame his monthly and annual reports on the information so provided. 

In practice, it is found that the system of centralization of recom- 
mendations and records works very satisfactorily, but, all the same, one 
would wish most heartily for a diminution in the amount of actual 
clerical work to be performed by the district tuberculosis officers, so as to 
enable them to devote more time to the actual clinical and administra- 
tion duties which are much more important. Research at dispensaries 
by individual officers is quite out of the question; this is probably the 
most unsatisfactory feature of the tuberculosis movement in this country. 

The extra work thrown upon the Tuberculosis Department by the 
Ministryof Pensions (acting in conjunction with the Ministry of Health) 
has hampered the routine work of the dispensariesinevery direction. As 
it is, the district tuberculosis officers are certainly not in touch with more 
than sixty per cent of the tuberculous population. One is almost afraid 
to contemplate what would become of numerous documents of the 
Pensions Department if every case of tuberculous disease attended the 
dispensaries. 


SANATORIA AND HOSPITALS 


When the West Riding County Council’s scheme for the treatment of 
tuberculosis was formulated in 1912, sanatorium treatment was given 
‘ due consideration. Temporary buildings were occupied at first at con- 
venient places in the county, but progress was made almost at once with 
the erection of Middleton-in-Wharfedale Sanatorium. This institution 
is situated on the high land overlooking the River Wharie, and is within 
easy reach of the delightful health resort, Ilkley (see figure 1). 

The accommodation at Middleton at present is 300 beds, all of which 
are reserved for male patients suffering from the disease in its early 
stages. Fifty beds are set apart for patients, mostly ex-servicemeh, 
who are recommended for concurrent treatment and industrial training. 
This industrial colony at Middleton is one of several in England, built 
and maintained almost entirely by the Ministry of Health. The original 
recommendation of the Interdepartmental Committee was that there 
should be, in addition to training colonies, village settlements on the 
lines of the now famous ‘‘ Papworth Industries” in Cambridgeshire, but 
such a scheme would entail an expenditure far beyond the financial 
resources of the Ministry. And so it is that each local authority has 
been left to work out its own salvation in the matter of aftercare for the 
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patients who have passed through the sanatorium and training colony. 
The Public Health Committee of the West Riding County Council has 
realized that aftercare is the crux of the whole problem, and has submitted 
a scheme to the Ministry of Health. The West Riding Scheme, which 
has not at the moment of writing received official approval from the 
Ministry, centres around the training colony at Middleton on the one 
hand and the large Stores Department of the County Council on the other. 


Fic. 1. Brrp’s Eye View oF SANATORIUM, ILKLEY, 
ENGLAND 


It is proposed that general woodwork, rural industries, and poultry farm- 
ing be the three occupations taughtat the colony, and that in the case of 
the first two trades all orders should be sent from the Central Stores 
Department at Wakefield to the instructor at the Colony. (The Stores 
Department is the main source of supply to the hospitals, asylums, schools, 
and other institutions throughout the county.) The patients at the colony 
wlll receive an intensive course of instruction to enable them to carry out 
the less complicated details of cabinet making and boot repairing. 
When considered by the instructor to be efficient workmen, and when 
they show signs of arrested disease in the chest, they will be discharged 
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from the colony to their homes, where they will still carry on the work 
in which they have become proficient. It is proposed that sleeping 
shelters and small portable workshops, built specially for the county 
council according to the plan submitted, be supplied to each trainée on 
his discharge from the Colony. On their return home to their shelters 
and workshops, the trainées will continue to carry out work for the 
training colony at Middleton and will receive periodical visits from one 


Fic. 2. Lorp Mayor TRELOAR CrIPpLEs’ HospITAL AND COLLEGE, HAMPSHIRE? 


of the instructors from the training colony, who will suggest improve- 
ments in technique, or point out obvious deficiencies in workmanship 
should such exist. 

While at the training colony, patients will receive no payment for work 
done, for they are, after all, still patients, but after their discharge from 
the colony, payment will be made in respect of actual work done. 

It is estimated that the cost of providing a trainée with a sleeping 
shelter, workshop and tools will be approximately £60 to £70. Such 


2 The author is indebted to Sir Henry Gauvain for the use of figures 1 and 2. 
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profits as may accrue from the material made at, and exported from, 
the training colony may be utilized in helping to provide suitable trainées 
with shelters, workshops, and tools. Should the successful trainée be 
fortunate enough to develop a local market for his goods through his 
own ability and enterprise, good and well; but he need never fear of 
being without work should a local market be unprocurable. 

It is to be remembered that a large percentage of the men admitted 
to and discharged from the training colony will be ex-soldiers who are 


Fic. 3. A PorTION OF THE SOLARIUM, SANDY Pornt, Hay.inc Istanp (Lorp Mayor 
TRELOAR CRIpPLES’ HOSPITAL AND COLLEGE) 


also in receipt of state pension; this is a most important consideration 
for men who will never be able to resume their places. under ordinary 
industrial conditions. The great advantages of allowing the patient to 
live near his own home and relatives, and to work and sleep under the 
best hygienic conditions possible, are obvious. He has not the feeling 
that he is undergoing institutional treatment in the ordinary sense, yet 
he is under the supervision of the District Tuberculosis Officer and the 
Dispensary staff, who report on his clinical condition from time to time. 

Middleton-in-Wharfedale Sanatorium will, when the new colony is 
opened, be one of the largest institutions in England. There are three 
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medical officers in attendance at present, and a staff of 33 nurses, in- 
cluding the matron and sisters. 

An X-ray apparatus is installed, and a well equipped laboratory is in 
constant use by the assistant medical officers working under the direction 
of the Medical Superintendent. Early cases of pulmonary tuberculosis in 
males are treated at various other sanatoria in the West Riding (see map) 
and at institutions outside the Riding, but the county council has no 
other sanatorium of its own at present on the lines of the Middleton-in- 
Wharfedale institution. Hospital accommodation in the administrative 
county is still inadequate for both sexes; only 140 beds are available for 
acute and open cases. Patients suffering from nonpulmonary forms of 
tuberculosis are treated at Leasowe Hospital in Cheshire (35 beds), at 
Thorparch (12 beds) (see map) and at Lord Mayor Treloar’s Home at 
Alton, Hampshire, under Sir Henry Gauvain (20 beds). Little or no 
difficulty is experienced in getting parents to consent to their children 
travelling for treatment at Alton, Hampshire, in the south of England, 
from Yorkshire in the North.. Arrangements for the transfer of patients 
are made by the Chief Clinical Tuberculosis Officer with the dispensary 
nursing staff and with the Travellers’ Aid Society in London, which 
undertakes full responsibility, and is familar with the intricacies of train, 
tram and bus service.in London and the south. 

A survey: of. the:sanatorium and hospital needs of the population of 
the West Riding has been made quite recently, and 918 beds are con- 
sidered to be necessary. The county council is negotiating for the use 
of a large sanatorium to accommodate 300 women and children suffering 
from pulmonary and nonpulmonary tuberculosis. With the acquisition 
of these beds the facilities for institutional treatment will have reached 
the minimum requirements. The waiting list is at the moment a very 
large one. 

DOMICILIARY TREATMENT 


There is always a certain number of patients who are unable for one 
reason or another to attend the dispensaries, and who are not regarded as 
suitable for institutional treatment. Such cases are recommended 
domiciliary treatment, and are attended by their private practitioners 
who have, under the most recent regulations, to render reports on these 
patients to the District Tuberculosis Officers at not less than three- 
monthly intervals. But where and when possible, the district officers 
arrange to discuss cases in consultation with the practitioners in atten- 
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dance; in this way a very close codperation arises between the tuber- 
culosis officers and the general practitioners. The inherent dislike for 
official “interference” on the part of the private doctor is gradually 
disappearing, and in some areas especially there is evidence that the 
tuberculosis officers’ counsel and advice are taken on every possible 
opportunity. From experience in different parts of the country one can 
say unhesitatingly that the success or failure of the domiciliary part of 
the antituberculosis campaign is an index of the tact and discretion, 
as well as of the clinical ability, of the tuberculosis officer. The general 
practitioner does not, as a rule, judge a public health service on the 
efficiency or otherwise of its administration. He weighs it up in terms 
of the clinical powers; hence it is of the utmost importance that, to be a 
real success in his district, the tuberculosis officer must have outstanding 
clinical ability. It is probably a realization of this principle that has led 
the tuberculosis officer to neglect in some measure the numerous ad- 
ministrative duties which also fall to his lot. As an ancillary part of 
domiciliary treatment, mention may be made of the sleeping shelters. 
There are 100 of these distributed throughout the county, at or near 
houses in which there are poor facilities for the observance of the funda- 
mentals of open-air treatment. Special funds are also available for the 
provision of extra nourishment for patients. With the recommendation 
for extra nourishment for tuberculous ex-service men the local authority 
has nothing to do, but as there is only a sum of £3000 (that is, on a 
basis of £2 per 1000 of the population) available for non-service men, 
women and children, the distribution of this benefit has to be regulated 
very carefully. Recommendations for extra nourishment in necessitous 
cases come from the district officers to the Chief Officer who arranges 
directly with the merchants for the supply of goods—usually milk and 
eggs. Approximately, 240 patients are receiving extra nourishment in 
this form every week. 


MORTALITY RATES AND EPIDEMIOLOGY OF THE DISEASE 


It has been said that the criterion by which a large public health 
measure should be judged should be the mortality rate. Analogy with 
typhus fever, typhoid fever, malaria, and smallpox would seem to 
bear this out, and if one looks at the mortality curves for tuberculosis 
in the West Riding there would appear to be some evidence that the 
campaign in this country is meeting with undoubted success (see chart). 
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The most optimistic and enthusiastic worker in tuberculosis cannot, 
however, look at the results of the fight, and pretend that anything 
approaching a complete mastery over the enemy has been achieved. The 
opinion and proofs of more recent writers of authority have confounded 
many of our cherished beliefs; so much is this so, that we would be rash 
indeed if we reconciled ourselves to the fact that by adopting a policy 
of laissez faire we are doing our utmost to attain our aim and object. 
Just as we look to the Ministry of Health to give guidance and sense 
of direction to our administrative efforts, so also must we follow up and 
explore the paths laid open for us by men who have discovered large 
avenues fertile with astute clinical observations. 

In taking up the thesis of Brownlee that phthisis is not a single disease, 
but a mixture of several types varying according to age and locality, 
the problem of local incidence in the West Riding was approached with 
a view to ascertaining whether there might possibly be variations in 
the type of the disease within the confines of the county itself. 

To embark upon such an investigation, one is required to have reliable 
statistics of mortality rates in the various sanitary areas, details of ages 
and death, coupled more or less with an intimate knowledge of the 
geographical, geological and other features of the county. The task of 
enquiring into this subject has taken many months, but from the findings 
one is able to say definitely that although the mortality rate from 
phthisis has decreased in the West Riding Administrative Area, yet 
in certain areas there has been practically no improvement in the death 
rate from the disease. 

As Brownlee has pointed out, (and our investigations support his 
conclusion) the prevailing type of phthisis in the West Riding of York- 
shire is the middle-age type. But although this is so, there is a difference 
in the mortality rates from the disease in different age groups in the 
various dispensary areas in the county. For example, the death rates 
from pulmonary tuberculosis (and from other respiratory diseases) are 
two to four times greater among children under fifteen years of age in 
South Yorkshire, particularly in the Rotherham Area, than in Western 
Yorkshire, that is, in the Sowerby Bridge and Huddersfield Areas 
(see map). Our observations tend to show, also, that there is probably 
a certain amount of acquired immunity to pulmonary disease among 
adults in the Rotherham Area. It is difficult to explain the reasons for 
this variation in the mortality rates, among children especially, in dis- 
tricts which are, geographically, practically contiguous, but the one 
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common factor which apparently decides a high infantile and juvenile 
mortality rate is atmospheric contamination, for this is the one feature 
common to the areas in which such rates are found, that is, in the 
mining and industrial areas with a low rainfall and situated at a low 
altitude. 

It is a singular fact also that open cases of phthisis are more numerous 
in the textile centres where a large percentage of the adult population 
of both sexes spend most of their time in factories and in homes. The 
textile centres are almost exclusively confined to Western Yorkshire, 
where the children are remarkably free from tuberculous disease. This 
fact would point to a lack of immunity in the adult population of these 
areas, a statement which is supported by Bushnell’s views. It must 
not be forgotten, however, that the nature of the employment of the 
majority of the population in the West may be, and probably is, an 
important factor in bringing about massive infection. 

These conclusions serve, I believe, as a valuable stepping stone for 
our future work. They point to the necessity for greater efforts in safe- 
guarding the lives of children in South Yorkshire, where the toll is very 
great. The urgent need for open-air schools in pure air zones is obvious, 
and is being strongly advocated. In the western areas we plead for 
special attention to factory hygiene, by which is meant the routine 
medical examination of workers and the full observation of the details 
of ventilation and prevention of infection. Already a systematic survey 
of the school children in a small township near Rotherham is being 
undertaken, in conjunction with the school medical inspectors, where the 
incidence of tuberculous and other respiratory diseases reaches a very 
high point. The results of this survey are being awaited with interest. 

The moral of our findings so far.is that the campaign which we are 
conducting in the west of the county is not adapted to the needs in the 
south. We shall require to reorganize somewhat in the light of our 
statistical findings. And what is true in this county is very likely true 
of every large area. Dr. Brownlee, in a personal communication, 
advises local research on these and similar lines. No one without 
intimate knowledge of local conditions is in a position to analyze and 
explain the mysteries of local mortality rates. We believe that little 
progress can be made by attacking the enemy uniformly when the 
opposing forces vary. If our views are substantiated by further clinical 
observations, a great step forward has been made. 


INSTITUTIONAL TREATMENT OF TUBERCULOSIS: 
ITS LIMITATIONS! 


A. F. MILLER 


Nova Scotia Sanatorium, Kentville, Nova Scotia 


For many years it has been my duty to try to popularize and justify 
the work of a sanatorium, and I hope it may never be said that I have 
“gone back on” that principle. But it is an undeniable fact that sana- 
toria—the sanatorium idea and its limitations—have been somewhat 
disappointing in their results, so far as any appreciable reduction of the 
death rate from tuberculosis is concerned. ‘This is partly by comparison 
with the somewhat extravagant hopes entertained when the real value 
of the open-air and rest treatment became known, and when the good 
news that consumption is curable by these means raised the spirits of 
health seekers, and institutions of the sanatorium type sprang up the 
world over. 

This is not by any means to say that excellent work has not been done, 
nor to forget that many lives have been saved by institutional treatment. 
But to limit the work of the sanatorium to curing incipient or early adult 
cases of tuberculosis is to miss a great part of the good that an institution 
should accomplish. This was necessary some years ago, to prove to the 
public that tuberculosis could be cured and that institutions for this 
purpose were justified and worthy of support. Better results could be 
obtained from early cases, and therefore the pioneer sanatoria admitted 
only the curable type. Their results served the purpose; to-day the 
public is convinced and is in a fair way to being educated along these 
lines. Now there is, indeed there always has been, the demand for ad- 
mission of advanced cases for treatment. This necessitates a different 
sort of institution from the sanatorium proper. It means a larger 
nursing and working staff, because it means facilities for bed-rest in the 
great majority of cases. In short, the tuberculosis sanatorium of the 
present day must have in connection with it a hospital, or infirmary, to 
which all incoming cases can be sent for a longer or shorter period of 


1 Read at an open meeting of the Public Health Section of the Canadian Medical Associa- 
tion, Halifax, Nova Scotia, July 6, 1921. 
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bed-rest which is now recognized as probably the most important part 
of ‘the cure.” ‘This infirmary should not be, and cannot be, merely a 
place for hopeless cases. Its function must also be that of a receiving 
and distributing centre from which patients are graduated into pavilions 
according to their progress toward health. This is the system we are 
attempting to work out at the Nova Scotia Sanatorium. In such a 
system the patient with far advanced disease does not feel that his last 
days have come when he is brought to a place where he sees others 
improving and leaving. 

But at its best the institutional treatment of tuberculosis is not 
entirely satisfactory, so far as permanent results are concerned. The 
patient spends only a few months under these more or less ideal con- 
ditions, whereas tuberculosis in most cases demands a change of living 
conditions for the whole lifetime of the patient. As we come more and 
more to recognize this, we understand and accept the heretofore dis- 
couraging tendency of our discharged patients to relapse. And we begin 
to ask, ‘‘What can be done to prevent it?” 

Let us look for a moment at the figures representing our actual results 
of treatment at the Nova Scotia Sanatorium. And I assure you that 
these results are about the same as those of other institutions in all 
parts of the world. : 

In a group of 284 ex-service men discharged in 1920, the pulmonary 
condition was as follows: 


Disease arrested 41 or 14.4 per cent 
Disease apparentlv arrested 52 or 18.3 per cent 
Disease quiescent 68 or 24.0 per cent 
Disease improved 64 or 22.5 per cent 
Unimproved 37 or 13.0 per cent 

i 22 or 7.8 per cent 


That is to say, 80 per cent were greatly benefited by treatment. 


These results are good and gratifying, as immediate results, and in 
many individual cases. But, ten years after discharge, the proportion 
of patients well enough to work is, roughly, only fifty per cent. True, 
this is sufficient fully to justify the existence of the sanatorium, for it 
can hardly be doubted that few of these survivors would be alive and 
well, were it not for the treatment and education they received at the 
institution. And many others had their lives and usefulness prolonged 
for some years by the same means. The point I wish to emphasize and 
build upon is that our results, though good, are not what they might be, 
and ought to be. 
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First, briefly, what is the cause of all these relapses? It is largely 
economic. ‘True, there are faults of character and of education and of 
environment; there are varieties of physical resistance; and there are 
what may be called accidental factors which help to bring about break- 
down in health. But the broad, outstanding cause is just the pressure 
of life, the need of earning a living and keeping up to the pace set by 
others less handicapped. ‘The tuberculous are caught in the grind of 
the great machine which we call our civilization. They find that, to be 
self-supporting, they must do work for which they are unsuited or they 
must work longer hours than they are able. They cannot afford a 
healthful home life. If there is a family to support, the pressure is so 
much the greater. The inevitable relapse occurs. And what then? 
What about the months or years during which they are in a far advanced 
or incurable condition? This is another element in the problem. To 
it I will refer later. For the moment, I wish to speak about the pre- 
vention of relapse. So far as institutional treatment is concerned, it 
may be said that every effort has been made to prepare the patient, 
before discharge, for taking up work within his capacity. The method 
of graduated labor has been well tried out by Dr. Marcus Paterson and 
others. While patients are carefully selected and medically supervised 
they can do a good deal of work, but that is an entirely different prop- 
osition from getting out and earning a living after discharge. It has 
not been found that any method of ‘“‘hardening” the patient while under 
treatment has been of real value in preventing relapse when he returns 
to unsupervised living and self-support. 

Society as a whole has a vital problem here to face and the medical 
profession and public health workers must have some ideas, some 
vision, some leadership to offer. 

There are only two courses open. Shall we let the arrested or quies- 
cent tuberculous patient fight it out alone and drift into advanced 
disease, or shall we help him to keep his health? Apart from ethical and 
philanthropic considerations, will it pay us to choose the latter course? 
And if we decide to do so, how shall we go about it? 

The Government of Canada, in dealing with tuberculous ex-service 
men since the Great War, has blazed trails which we shall find useful in 
following up our work with the whole population. When it was found 
that these men were relapsing after discharge and continually returning 
for re-treatment, usually in a much worse condition than that of their 
previous illness, it was found necessary to pay the discharged sanatorium 
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patient full pension for six months or more, to cover the period of adjust- 
ment, so that he need not take up full time work too soon. For various 
reasons even this has not been effective, and relapses still occur. Thena 
commission was appointed tolook into schemes for aiding the patient after 
discharge, including what is called “sheltered employment.” We have 
come to think of Dr. Varrier-Jones and Sir German Woodhead, the 
enthusiastic promoters of a most successful industrial colony for the 
tuberculous at Papworth, England, as authorities on the subject of 
sheltered employment. From their experience and from our own ob- 
servation, as well as from the exhaustive report of Colonel William 
Hart, our Canadian representative, we believe that a system of sheltered 
employment, with organized means for providing healthful living con- 
ditions:is the only effectual way of handling this problem. And if this 
is true of the ex-service pensioner, it is equally or even more applicable 
to the great mass of civilian citizens who have developed tuberculosis, 
most of them during service to their country in quiet, peace time ways, 
and whose illness and death are a distinct loss to the national life. We 
are all heartily willing to work and to pay taxes for the good of the 
returned soldier; we ought to be. But if an equally thorough oversight 
of the health of all our people is not a patriotic duty, I do not know 
what is. 

There is not time, in a short paper, to go into such points as the 
selection of trades and occupations for the tuberculous ex-patient, nor 
to recount what has been done or attempted in the way of sheltered 
employment. Neither can I discuss the pros and cons of the establish- 
ment of a special tuberculosis settlement—a sort of Arcadia where the 
simple life, regular hours, healthful homes and quiet recreations may be 
had, whether one is able to earn all these or not; and where part time 
work would be done under medical supervision. Suffice it to say, that 
it is of no use whatever to give the classical advice to a consumptive, 
“Find a light job in the open air.” Jobs in the open air, such as farming, 
gardening, etc., are not “light” if a man must earn a good living at them. 
And you may be sure that ‘“‘a light job means light pay and light pay 
means a gradual descent into poverty, malnutrition and misery.” I 
may venture to add that, unless it is utterly unsuitable, the work he has 
been used to is the best for the ex-patient to take up, or some allied 
occupation with which he will feel somewhat familiar, provided it can 
be carried on under good conditions for easy hours. It is not the work, 
it is the pace that kills: and, of course, worry and mental strain. 
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It must be understood that organized sheltered employment cannot 
be expected to be self-supporting. But we have heard of one, the Altro 
garment shop in New York, which paid off initial expenses in a year and 
has since been self-sustaining. 

It goes without saying that if a man can work only three or four hours 
a day, hecannot compete with full time workers in the open labor market, 
nor can he always earn the comfortable living that his health demands, 
even in a “‘sheltered” system. Someone will have to pay the deficit. 
It would seem to go equally without saying that, from the economic 
point of view, it is better for a man to earn a partial living and keep well 
than to earn nothing during a long illness; not to speak of the happiness 
and self-respect accruing to patients, and the probability of saving 
their families from disease and poverty. 

I may remind you that the yearly death rate in Nova Scotia—and this 
is only a little higher than the average for all Canada—is 147.9 per 
100,000, and that the estimated loss to the Province is two million 
dollars‘each year at the very least. This sum would be quite sufficient 
to carry on a comprehensive tuberculosis program. But the govern- 
ment cannot be expected to meet all of the cost. Our ever generous 
philanthropic societies and individuals could becounted upon for material 
and administrative assistance of the finest sort. 

The bringing up of children in healthful surroundings and sending 
them out equipped for full citizenship is in itself a sufficient balance for 
the money spent on any system of aftercare for the tuberculous. 

This brings me to the broader outlook upon the whole problem. Al- 
though I have been emphasizing the relapse of sanatorium treated 
patients as one reason why institutions have failed to reduce appreciably 
the death rate from tuberculosis, this is only one phase of the real reason. 
We shall get at the true reason only when we realize that the campaign 
against tuberculosis is a chain of many links. If one link is weak or 
missing, we do not get the necessary pull on our objective point. In- 
stitutional treatment is only one link in this chain. Follow-up work 
among discharged patients, including sheltered employment, frequent 
examination, etc., is a succession of links. But all this attention to the 
sick is only part of the chain. Other and equally necessary links are 
those that make for prevention of sickness. And by this I do not mean 
the prevention of infection. I need not on this occasion go minutely 
into the subject of infection. An audience like this is well posted in the 
broad general truths that, in civilized communities, infection by the 
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tubercle bacillus is almost universal and that as a consequence we all 
enjoy a comparative immunity; that, when infection occurs in infancy 
or in any individual or race which has not this acquired immunity, 
rapid and fatal disease is likely to follow. ‘The so called ‘‘chronic,” 
curable type of tuberculosis is a result, not of this first infection but of 
a lowering of the individual resistance, from whatever cause; and if it 
develops it is usually long years after infection has occurred. The 
development of tuberculous disease in the adult and older child is a 
question of general health and vitality. Everything that bears upon 
the latter bears upon the former. If we are going to strengthen the 
chain of our endeavor to overcome tuberculosis and supply the missing 
links, one of the first moves must be to turn some of our attention away 
from the ‘‘germs” we have been chasing or avoiding and turn it toward 
the promotion of individual and public health. 

Do not mistake me. I am not saying that the existence of tubercle 
bacilli may be ignored. Under certain circumstances, there is danger 
and there are precautions which must be strictly observed. There is 
danger in massive infection, such as may occur in continued intimate 
contact with a careless patient having tubercle bacilli in his secretions. 
This must always be guarded against, and sanitary methods insisted 
upon. Even such contact, when proper care is exercised, need not 
result in dangerous infection. Let no one imagine that I am depreciat- 
ing the efforts made to overcome, for instance, the spitting habit, which 
is a menace as well as a nuisance; nor that I am denying the need of 
cleanliness, fresh air and sunlight, indoors and out, as prime essentials of 
health. ‘‘These ought we to have done and not to leave the other 
undone.” 

As I have said, infants, that is, children under two or three years of 
age, are very susceptible to this disease and should be rigidly guarded 
from infection. Occurring a year or two later, the mild, slight infections 
received in the average way of living are comparatively harmless and act 
as immunization. Indeed such inoculation is practically a necessity, 
as our civilization exists to-day; and some of our leading physicians have 
advanced the idea that all children should be intentionally inoculated 
by scientifically regulated injections and carefully watched until com- 
plete immunity is produced: this, instead of the haphazard and un- 
watched infections of ordinary childhood. However, whether inocula- 
tion is intentional or accidental, this brings us to a vital point of attack 
in our warfare against tuberculosis, namely, watching the children and 
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young adults, detecting by frequent examination when the mild in- 
fection occurs, how it behaves, when it threatens to develop into actual 
disease, avoiding such diseases as measles and whooping cough which 
open the way for tuberculosis, and taking measures to keep the health 
up to par, so that disease does not develop. In this connection, I wish 
to urge that the periodic examination of children should be an expert 
and thorough correlation of physical and X-ray examinations and labora- 
tory tests. Childhood tuberculosis takes various forms, and we need 
to be keenly watchful for its warning symptoms. 

Returning to the metaphor of a chain of many links, I will, in closing 
outline the now famous Framingham experiment in which, in an average | 
town in Massachusetts, an attempt has been made to supply all of the 
links and to forge them into an effective chain, a complete public health 


program. 

This demonstration is now in its fifth year. The cost has not been 
excessive, and the experiment has been a pronounced success, a practical 
lesson of national importance. It was initiated by the Metropolitan 
Life Insurance Company which offered $100,000 for a three years’ 
community experiment. It was organized by the National Tuberculosis 


Association and has had the best assistance and codperation of the 
community itself. 

Some of the chief problems upon which this demonstration attempts 
to throw light are: 

1. Is it possible to discover and to place under adequate medical, 
nursing and relief supervision all of the cases of tuberculosis, incipient 
and advanced, active and arrested, in a normal community? 

2. Is it possible to ascertain with some degree of definiteness, the 
responsible social and economic factors in disease causation, particularly 
as regards tuberculosis? 

3. How can social forces best be used to prevent unnecessary sickness 
and death, particularly from tuberculosis? Practically, what is the 
best community health machinery for meeting these ends, and what are 
the essential factors in an adequate preventive, detective and remedial 
mechanism? 

The activities of the Community Health Station have included the 
voluntary expert examination of almost the whole population of Fram- 
ingham; a special effort to discover’‘and to place under treatment or 
observation incipient, advanced or arrested cases of tuberculosis; a 
sanitary survey, covering infant conditions, schools, factories, food, 
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milk, rural sanitation, vital statistics, etc.; a health census; a patriotic 
census of the industrial and man power resources of Framingham, 
eliciting extensive social and economic data; a Pirquet tuberculin survey 
of children between the ages of one and seven years; a health camp for 
children; the working out of tuberculosis standards for diagnosis, classi- 
fication, and treatment of children and adults; domestic science and 
home economic classes; the development of health educational work, etc. 

In addition, there is community organization, financed almost entirely 
by the community itself and including a group of neighborhood lay 
committees for education, sickness reporting and similar activities; a 
community-wide civic association functioning along lines such as rec- 
reation, etc.; infant welfare clinics, nursing service, full time medical, 
nursing and clinic service for the public schools and for the larger in- 
dustries; community houses for social and health work; a medical club 
conducting a series of postgraduate instruction clinics and lectures on 
tuberculosis and allied problems; domestic science classes, under the 
direction of the home economic instructors at the State Normal School 
located in Framingham, etc. 

The national committee in charge of this demonstration has published 
a series of monographs describing the work in detail and telling the 
results. These I recommend for study to every one interested in an 
effective tuberculosis and public health campaign. 

Part of the necessary machinery is, of course, institutional. Hospital 
facilities have to be provided for the treatment of all forms of tuber- 
culosis. But you can see how limited is the field of institutional treat- 
ment when you get a glimpse of the whole broad and comprehensive 
program. 

The Framingham experiment has had the hearty codperation of 
Federal and State governmental agencies, town government, private 
civic associations, charities, churches, clubs, schools, physicians, in- 
dustrial employers and individual citizens. Here in Canada we have an 
intelligent and forward-looking people who surely would lend equally 
good support to as good an organized health campaign. That the 
tuberculosis problem is complex and far-reaching, we all realize. Some 
such complex and comprehensive scheme will be needed to cope with it 
effectually. The doctors and public health workers cannot do it alone. 
They must teach and lead and be prepared to aid in organization, but, 
when the chain is complete and all its links strengthened, there will have 
to be a strong pull and a long pull and a pull all together. 
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SEVEN YEARS’ EXPERIENCE WITH ARTIFICIAL 
PNEUMOTHORAX! 


A. F. MILLER 
Nova Scotia Sanatorium, Kentville, Nova Scotia 


Induction of artificial pneumothorax as a palliative or curative meas- 
ure in selected cases of pulmonary tuberculosis, where compression 
of the whole or part of the lung is required, is the method of choice 
for patients who fail to respond to the usual hygienic-dietetic or rest- 
cure treatment. It has grown in favor particularly since 1910; and 
the striking results obtained in cases that have hitherto been considered 
hopeless have led to its more extensive application among progressive 
phthisiotherapists. A full discussion of the indications for compression 
of the lung in pulmonary tuberculosis may be found in the publications 
of Riviere, Davies, Garre and Quincke; and the method employed by 
us will be referred to only briefly. 


In the cases reported upon in this paper, as in all of our cases, the 
patient had been under observation from one to six months before com- 
pression of the lung was undertaken. A short time before the operation, 
generally a week or less, each patient was given a careful physical 
and fluoroscopic examination and stereoroentgenograms were taken of 
the chest. If there were no contraindications, the operation was pro- 
ceeded with. But I should state that, of the first twenty-one patients 
numbered in this table, none had X-ray examinations, as we had no 
X-ray apparatus at that time; and further, that several of these attempts 
were made only because of urgent request on the part of the patient 
or his family. 

The pneumothorax apparatus used by us has been that of Robinson 
and Floyd; although any two bottles, of appropriate size, graduated in 
50 or 100 cc. divisions and connected with rubber tubing to a manom- 
eter column, will serve the purpose as well. The needle for the 
initial injection is the Robinson and Floyd, or the Kiiss, and for refills 
a no. 18 gauge Luer needle is invariably used. 

1 Read at a meeting of the Canadian Medical Association, Halifax, Nova Scotia, July 6, 
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Rigid asepsis is observed in all operations. This must be emphasized 
as invariably necessary to the avoidance of serious complications. 
Novocain, one-half of one per cent, and adrenalin, 1 to 10,000, is the 
solution used as a local anaesthetic. It has not been found necessary 
to give morphine beforehand. Codeine or heroin is given generally 
one-half hour before the operation. The most convenient area for 
puncturing the chest is usually in the anterior and posterior axillary 
folds, in the 5th, 6th or 7th interspace. Filtered air is used, as there is 
no advantage from employing nitrogen or oxygen gas. The amount of 
filtered air introduced at the first injection is 200 cc. in some of the cases 
and 300 cc. in others. This amount is rarely exceeded at the beginning 
of treatment except in a case of hemoptysis. For the first two or three 
weeks of treatment, refills of the same quantity are given every second 
or third day; and then the quantity of gas is increased to 400 cc., occa- 
sionally to 500 cc., and injected every four to seven days until the 
collapse is complete. Subsequent refills are then given at-intervals of 
twelve to twenty-one days as long as the patient remains under observa- 
tion. I may explain that one of the lessons learned by experience is 
the giving of small initial injections of 200 cc. and 300 cc. of air rather 
than the large amounts formerly used; and also that, throughout the 
treatment, small frequent doses, usually not larger than 400 cc. or 500 
cc., are preferable to larger injections at longer intervals. When ad- 
hesions are present, the amount of gas injected is determined entirely 
by the pressures registered by the manometer. Patients who are up 
and about remain quiet for twenty-four hours following the operation 
and then come to their meals as usual. The routine of bed patients is 
not interfered with. 

We record our pneumothorax work on individual case sheets and we 
sum up each case on a case summary sheet. 


The present study embraces a group of 65 cases that have been care- 
fully treated and accurately followed for periods of from one to seven 
years. Of these, 10, or 15.3 per cent, were found to be impossible, and 
are not considered among the treated. In the “impossible” group 
operation was attempted, in many, several times; but on account of the 
pleural membranes being adherent the attempts had to be discontinued. 
We also considered ‘‘impossible”’ those cases in which less than 100 cc. 
of gas could be injected into the pleural cavity. Of the remaining 55 
patients, 14 are still continuing treatment. Five of these have been 
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treated too short a time for results to be determined, and these are, 
therefore, not included in this study. Fifty cases are reported upon in 
the accompanying table. 

From our table it will be seen that 13, or 26 per cent, of patients 
treated were in the moderately advanced or second stage of tuberculosis, 
and 37, or 74 per cent, were in the far advanced or third stage. Forty- 
three, or 86 per cent, had tubercle bacilli in the sputum at some time. 
This treatment was not given to any patient in the incipient or first 
stage of tuberculosis, as it is generally recognized that the majority of 
these patients will recover under the usual hygienic-dietetic measures 
alone. 

It will be noted that 14, or 28 per cent, of these patients had uni- 
lateral and 36, or 72 per cent, bilateral involvement. In the bilateral 
cases, the treated lung was usually extensively involved, with cavitation 
in one or more lobes, while in the untreated lung the disease was, as 
a rule, inactive, and confined to a small area, not greater than one or 
two intercostal spaces in extent. 

The intention was curative in 24 or 48 per cent; palliative in 13 or 26 
per cent; and to stop hemoptysis in 13 or 26 per cent. In certain cases 
which were considered hopeless from the standpoint of a cure, 
we nevertheless tried artificial pneumothorax to relieve symptoms 
such as fever, excessive cough, expectoration, etc.: that is, we tried 
it as a palliative measure, and frequently got very good immediate 
results, and even permanent improvement in some cases. For the 
control of pulmonary bleeding, the results obtained by artificial 
pneumothorax were in some cases truly dramatic. In other hemoptysis 
cases, either because of inability to produce sufficient compression, or 
because of the impossiblity of determining from which lung the bleeding 
came, the results were disappointing. ‘The side treated was the right 
in 16, or 32 per cent; and the left in 34, or 68 per cent. 

One of the chief obstacles to successful induction of artificial pneumo- 
thorax is the presence of intrapleural adhesions. In our table we have 
taken note of these only when they proved to be a handicap in obtaining 
a therapeutic compression. These number 26, or 52 per cent, of our 
cases. In some, the adhesions broke away gradually and safely after 
gas was introduced. In one case only, which I shall mention when 
I come to complications, the breaking away of an adhesion adjacent to 
a cavity caused spontaneous pneumothorax. From this the patient 
fortunately recovered and is apparently none the worse. 
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Among the 35 cases abandoned, there were 9 in which adhesions pre- 
vented compression of the lung; 14 others in which for one reason or 
another the patient had to return home and could not come at regular 
intervals for refills; 10 in which treatment had to be stopped on account 
of the lighting up of disease in the untreated lung, which was evidently 
unable to cope with the extra work thrown upon it; and 2 were given 
up on account of spontaneous pneumothorax in the treated lung. In 
3 cases treatment was discontinued because it was no longer necessary. 
Of the three patients who died during the course of treatment one was 
hopeless, having profuse and recurrent hemoptyses, for whom pneumo- 
thorax treatment was tried as a last resort, one committed suicide, and 
one developed spontaneous pneumothorax of the untreated side. The 
remainder are still continuing artificial pneumothorax treatment. 

The most frequent complication of this treatment is the development 
of pleurisy with effusion. The effusion may appear during the produc- 
tion of the collapse or at any time during the maintenance of com- 
pression. This occurred in 8, or 16 per cent, of our cases. Other 
complications in our experience include one case of pleural shock, one 
of spontaneous pneumothorax of the treated lung, one of apical empyema 
and one of slight subcutaneous emphysema. None of these has been 
attended with serious results. This extreme rarity of complications is 
probably due to exceedingly careful technique, which it is most necessary 
to observe. 

It will be noted that, of those in which the injection of 100 cc. or 
more of gas was possible, the compression was practically complete in 
14, or 28 per cent; partial in 35, or 70 per cent; and a failure in one, or 
2 per cent. It must be stated that some of our good results were ob- 
tained in cases in which only a partial compression could be induced. 
On the other hand, in many of our ‘‘partial”’ group the compression was 
too slight to give any appreciable end results, as will be seen from the 
following percentages. Our end results were 


in 4or 8 percent 
in 16 or 32 per cent 
in 11 or 22 per cent 
.......in 19 or 38 per cent 


The end results are those at the conclusion of treatment. Whether 
these results are durable or not, we attempted to ascertain in those 
cases in which a year or more has elapsed since the conclusion of treat- 


4 


EXPERIENCE WITH ARTIFICIAL PNEUMOTHORAX 813 


ment, and we find that the present condition of all patients, one to 
seven years after treatment, is 


17 or 34 per cent 
16 or 32 per cent 
17 or 34 per cent 


Taking into account the type of cases that we have treated and the 
fact that we had 32 per cent of satisfactory end results in addition to a 
few that we must call excellent; in fact, taking our pneumothorax 
experience as a whole, we are inclined to agree with other workers that 
this operation holds out a hope to many tuberculosis patients who, 
without it, seem unable to recover. We are using it more frequently 
every year, and we intend to continue its use. We have not as yet been 
able to make a comparative study of a group of cases treated by induced 
pneumothorax in addition to the ordinary treatment and a group of 
similar cases receiving the ordinary treatment without pneumothorax, 
so as to get an idea of the broad, general value of the latter method. 
We hope to make such a study at some time in the future. 

A drawback to freer use of artificial pneumothorax is the fact that 
comparatively few patients can afford to remain for many months at 
or near a sanatorium or health resort, within reach of a physician trained 
and experienced in its technique. If such a physician were to be found 
in some of our larger towns, cases having to leave the sanatorium after 
compression of the lung is well established might be able to continue 
the treatment at their homes. Many of our cases had to be abandoned 
because discharged patients found the distance and inconvenience too 
great for them to come at regular intervals for refills. And we find that 
if the patient goes even a little too long without a refill, a partial expan- 
sion of the compressed lung may permit the formation of adhesions 
which prevent any further pneumothorax treatment. However, con- 
sidering the care we find it necessary to give in supervising these cases, 
the frequent physical and fluoroscopic examinations, etc., our opinion 
at present is that an institution is the best place at which to receive this 
treatment. 

As to how long compression must be maintained, no general state- 
ments can be made. In some cases a few months’ complete rest of 
the lung seems to have started the patient on the road to recovery. In 
others, especially where cavitation is extensive, compression must be 
maintained for years, or indefinitely. We have one patient whose 
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right lung has been completely compressed for six years and it cannot 
yet be allowed to expand. 


CONCLUSIONS 


1. Induction of artificial pneumothorax should not be attempted in 
bilateral tuberculosis when both lungs show evidence of progressive 
disease. 

2. In no far advanced case of pulmonary tuberculosis where the prog- 
ress made under ordinary treatment is unsatisfactory should the 
patient be refused treatment by artificial pneumothorax, provided 
there is one. lung in which there is little or no disease, and provided 
also that there are no serious complications. 

3. As a means for the stopping of hemoptysis, provided it is known 
from which side the bleeding comes, artificial pneumothorax has a 
distinct value. 

4. Merely as a palliative measure, artificial pneumothorax has its 
value in the relief of symptoms. 

5. Our experience has proved that even a partial collapse of the 


lung may be followed in some cases by appreciably good results. 

6. In cases where artificial pneumothorax is indicated, it should 
not be postponed until the patient has drifted into such a condition 
that intrapleural adhesions prevent therapeutic compression of the 
lung. 

7. In most cases of extensive disease, in order to obtain durable 
results, compression should be maintained for a year or longer. 


My thanks are due to Drs. R. J. Collins, T. M. Sieniewicz and C. M. Bayne, and to Mr. 
H. Hamon, roentgenologist, for their valuable part in our artificial pneumothorax work. 
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TUBERCULOUS PYOPNEUMOTHORAX TREATED 
WITH METHYLENE BLUE 


JOSEPH ROSENBLATT anp BARNET P. STIVELMAN 
From the Montefiore Home Country Sanatorium, Bedford Hills, New York 


About a year and a half ago we had occasion to inject a solution of 
methylene blue into the pleural cavity of a patient who was suffering 
from a localized pyopneumothorax. This was done with a view of 
determining the presence of a bronchial fistula. The diagnosis was 
confirmed when the patient expectorated the methylene blue immediately 
after its introduction into the pleural cavity. 

Incidentally, we were surprised to notice a marked fall in the patient’s 
temperature after the injection of the drug. The patient’s general 
condition has also definitely, though only temporarily, improved. It 
then occurred to us that the methylene blue might have exerted a benefi- 
cial influence on the pyopneumothorax and that this agent might prove 
to be of value in the treatment of this condition. But, inasmuch as the 
patient in whom the methylene blue was first tried had only a localized 
pyopneumothorax which was draining well through the fistula and he 
was not doing well on account of a progressive, active, bilateral pul- 
monary lesion, it was impractical to continue treating him with methylene 
blue. Soon, however, we had an opportunity to use this treatment in 
two patients who developed tuberculous empyema during the course 
of therapeutic pneumothorax. The pus from the pleural cavity was 
aspirated and replaced by sterile air, and at the end of the operation 
2 to 3 cc. of a saturated alcoholic solution of methylene blue was injected 
into the pleural cavity through the aspirating needle. These patients 
improved so markedly that we feel justified in recommending this drug 
in the treatment of pyopneumothorax. 


REPORT OF CASES 


Case 1. A. J., a female school teacher, twenty-two years of age, was ad- 
mitted to Bedford Sanatorium in November, 1919. She stated that her 
present illness began with an attack of influenza eleven months before 
admission. Since then she had considerable cough and expectoration and 
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frequent afternoon fever reaching to 101° F. She also lost considerable weight 
and strength and had frequent pains in the right side of her chest. 

Examination: Physical examination on admission disclosed considerable 
_dulness and feeble breathing from the lower angle of the scapula to the base 
on the right side. Numerous moist rales were audible at the lower half of the 
chest anteriorly and posteriorly. Examination several days later disclosed 
evidence of a large cavity at the right base posteriorly. Roentgenological 
examination confirmed the physical findings. Her sputum was positive for 
tubercle bacilli; her urine was negative. : 

Course and treatment: While at the sanatorium, the patient ran an active 
course. She had considerable fever, distressing cough and expectoration and 
frequent night sweats. She also lost much weight and strength. A right 
pneumothorax was induced in January, 1920, and a fair collapse was obtained. 
But, due to the fact that the large cavity at the base could not be successfully 
collapsed, the patient improved but slightly during the first few weeks of 
treatment. . 

On February 8, 1920, the patient developed severe pain in the right chest, 
chills, fever up to 105° F., and extreme prostration. Evidence of pleural 
effusion was elicited several days later. Assuming that the patient was 
developing an ordinary serous effusion, she was left alone, in the hope that the 
acute symptoms would soon subside. But the fever and the other distressing 
symptoms continued for weeks and the patient’s condition was very grave. 

On April 10, 1920, a pleural puncture revealed a purulent effusion. Thirteen 
hundred cubic centimetres of the pus were then removed and replaced by sterile 
air. Another aspiration was done on April 26, when 200 cc. of pus was with- 
drawn and replaced by air. At that time 2 cc. of a saturated alcoholic solution 
of methylene blue was introduced into the pleural cavity through the aspirating 
needle, and similar treatment has been continued at definite intervals for about 
one year, when the pus no longer accumulated and a tendency to organization 
was noted. 

Soon after the injection of the methylene blue, the patient’s condition took 
a decided turn for the better; the fever gradually subsided and the patient 
began to gain weight and strength. At present she is practically free from any 
symptoms, has gained about 20 pounds in weight, her sputum has been negative 
for tubercle bacilli for six months, and she is doing several hours work every 
day. 

Bacteriological examination of the pus after the first aspiration revealed 
numerous tubercle bacilli on direct smear. Later the number of tubercle 
bacilli in the aspirated pus markedly decreased, and those that were found 
were reported by the bacteriologist to be “slender, beaded, and apparently 
degenerated. ”’ 

A guinea pig was inoculated with the pus aspirated on March 17,1921. The 
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animal was killed and autopsied on May 18, 1921, and no evidence of tuber- 
culosis was found. 

Case 2. O.C., a male physician, thirty-nine years of age, was admitted to 
the Bedford Sanatorium on July 23, 1919. He gave a typical history of 
moderately active pulmonary tuberculosis of three years’ duration. He had 
been treated in several institutions without muchamelioration of hissymptoms. 
A right pneumothorax was induced at the Loomis Sanatorium in March, 1918. 

Examination: Physical examination on admission to our sanatorium re- 
vealed an extensive pneumothorax on the right side. The left lung was 
apparently clear. There was no evidence of pleural effusion. Roentgeno- 
logical examination confirmed the physical findings. His sputum was positive 
for tubercle bacilli; his urine was negative and his temperature and pulse rate 
were normal. 

Course and treatment: During the first few months of the patient’s stay at 
the sanatorium, he was doing fairly well. His temperature and pulse rate 
remained normal and he gained some weight, but he was still complaining of 
considerable cough and expectoration and moderate dyspnea. The pneumo- 
thorax treatments were continued at the usual intervals. 

On January 22, 1920, the patient was taken acutely ill with fever up to 
104° F., accelerated pulse and respiratory rate, and extreme prostration. 
Evidence of pleural effusion was soon elicited. On February 24, 
1920, an exploratory puncture revealed clear fluid. The patient was 
treated expectantly, as we hoped the acute symptoms would subside. But, 
contrary to our expectations, the severe and distressing symptoms continued 
for weeks and the patient’s condition became very grave. On April 23, 
another puncture revealed purulent fluid. Eighteen hundred cubic centi- 
metres of pus were then aspirated and replaced by 900 cc. of sterile air. The 
patient felt somewhat relieved, but his general condition remained quite 
serious. 

On May 3, 1920, 1100 cc. of pus were aspirated and replaced by 900 cc. of air. 
At this time 3 cc. of methylene blue was injected through the aspirating needle. 
The same treatment has been continued to the present time, the intervals 
between treatments being increased as the accumulation of the fluid decreases. 
There was a most remarkable change for the better in the patient’s condition 
within one day after the injection of the methylene blue and the improvement 
has constantly continued. His temperature gradually came down to normal 
and he has gained 34 pounds in weight. His sputum has been negative for 
tubercle bacilli since August, 1920, and in April, 1921, the patient resumed the 
practice of medicine. 

Bacteriological exantination of the pus after the first few aspirations showed 
numerous tubercle bacilli on direct smear, the microscopic appearance of the 
smear being that of a pure culture of tubercle bacilli. The number of bacilli 
has gradually decreased and recently only a few can be found in the smear. 
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A guinea pig was inoculated with the pus on April 14, 1921, and the animal 
was etherized on May 21, 1921. The autopsy revealed typical tuberculosis, 


COMMENT 


In view of the fact that the prognosis in tuberculous pyopneumothorax 
is decidedly grave, the favorable outcome of these two cases could hardly 
be attributed to chance. Furthermore, the marked improvement in 
both these patients followed the injection of methylene blue so promptly, 
that it is more than likely that the latter was to a great extent responsible 
for the results obtained. 

We used the methylene blue rather empirically and without knowledge 
that it had at some time been used in the treatment of such cases. A 
search of the literature, however, disclosed the fact that methylene blue, 
as well as other dye substances, have, at one time or another, been 
considered of definite value in similar cases. 

Lewis (1) in 1899 injected methylene blue into the pleural cavity of 
patients suffering from serous effusions, for the purpose of promoting 
absorption from the pleural cavity and stimulating the formation of 
pleuritic adhesions, thus preventing further accumulation. He injected 
as much as 12 grains of methylene blue without any untoward results. 

In 1915, Nobecourt (2) and his co-workers treated cases of empyema 
following bronchopneumonia, with injections into the pleural cavity of 
10 cc. of a 5 per cent watery solution of methylene blue, following the 
aspiration of the pus, and they report excellent results. 

Other aniline dyes have also been used for similar purposes. Church- 
man (3) used a solution of gentian violet in the treatment of infected 
joints and he reported good results. Following the suggestion of Church- 
man, Waters (4) used a dilute solution of gentian violet for irrigation 
of the pleural cavity in cases of pyogenic infection of the pleura 
complicating artificial pneumothorax. 

The work of Lewis and DeWitt (5) offers a rational basis for this mode 
of therapy. These observers have shown that methylene blue inhibits 
the growth of tubercle bacilli in solutions of one to one thousand. 
DeWitt (6) has also shown that moderate concentrations of methylene 
blue will kill tubercle bacilli 7 vivo as well as im vitro. In this connection 
it is pertinent to recall that the pleural pus in one of our cases failed to 
infect a guinea pig, in spite of the fact that acid-fast bacilli were found 
on direct smear. Besides its antiseptic value, methylene blue stimulates 
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organization and fibrous tissue formation, thus aiding nature in 
combating the tubercle bacillus. That methylene blue is capable of 
stimulating fibrous tissue formation with a minimum amount of irrita- 
tion, has been brought out by Lewis (1), after he tested many substances 
that were suggested for that purpose. 

Methylene blue, unlike most antiseptics has a very low toxicity and 
considerable amounts can be injected without producing any untoward 
results. Its use is not attended by symptoms of pleural irritation. It is 
slowly absorbed from the pleural cavity, as evidenced by the fact that 
the urine retained a blue tinge for at least ten days after each injection. 

We used a saturated alcoholic solution, because it is easily prepared 
and requires no sterilization In view of the fact that only a very small 
amount of pus was left after each aspiration, we thought 3 cc. of a 
saturated solution would be sufficient to produce the desired effect. We 
are certain, however, that larger amounts can be injected without any 


ill effects. 
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THE SAFE REMOVAL OF TONSILS BY THE DESIC- 
CATION METHOD WITH THE HIGH FREQUENCY 
CURRENT IN POOR SURGICAL RISKS, WITH 
ESPECIAL REFERENCE TO TUBERCULOSIS! 


P. P. McCAIN 


Sanatorium, North Carolina 


Diseased tonsils quite frequently play an important part in impeding 
the tuberculous patient’s progress toward recovery. The employment 
of the usual surgical methods for their removal, which is comparatively 
safe for the otherwise healthy patient, entails rather serious risks for the 
tuberculous. The mental strain, the loss of blood during the operation, 
and the marked soreness, preventing as it does the taking of food for 
several days, are necessary evils of the surgical operation which often 


materially lower the patient’s vitality. When we consider the fact, too, 
that rather serious complications may occur, such as pulmonary abscess, 
secondary hemorrhage, pneumonia, embolism and infection, the danger 
of the surgical operation for the tuberculous patient is all the more real. 

Unfortunately the tonsils of the tuberculous are equally, if not more, 
subject to ordinary diseases and, in addition, are much more frequently 
than others the seat of tuberculous lesions either active or latent. Weller 
(1) states that the histological examination of material from 8,697 con- 
secutive tonsillectomies at the University of Michigan showed active 
tuberculosis in 2.35 per cent. Ballenger (2) states that various writers 
report from 4 to 10 per cent of tonsils removed for all causes as showing 
local tuberculous lesions. Wood (3) reports the tonsils involved in 88 
per cent of 43 of his own cases of tuberculosis coming to autopsy and in 
69 per cent of 167 tuberculous patients reported by 7 other investigators. 

The presence of tubercles in tonsils constitutes an additional element 
of danger for their surgical removal because of the possibility of dis- 
seminating the infection. The necessary trauma and the gaping blood 
vessels of the peritonsillar tissue make such an eventuality not improb- 


1 Read before the Clinical Section at the Seventeenth Annual Meeting of the National 
Tuberculosis Association, New York City, June 17, 1921. 
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able. In cases of active tuberculous ulceration the danger is so real 
as to constitute a contraindication to the ordinary tonsillectomy. Yet, 
if such a tonsil is not removed, the patient soon becomes the victim of 
tuberculosis of the pharynx and the neighboring structures, which is 
the most to be dreaded of all complications. 

It was such a dilemma as_ his which occasioned our learning of the 
use of the high frequency current for the removal of tonsils. A recent 
graduate of one of the best medical colleges in Philadelphia, who had 
been a former patient of ours, had an exacerbation of his trouble while 
taking his interneship in one of the large hospitals in the same city. He 
returned to us with active symptoms, tubercle bacilli in his sputum and 
an ulcerated left tonsil, only the shell of which was left. We felt that 
surgery was contraindicated, but thought there was possibility of relief 
through cauterization, and sent him back to consult his professor of 
diseases of the nose and throat. After confirming the diagnosis of tuber- 
culosis of the tonsil by removing a small section for microscopical exami- 
nation, the latter sent him to Dr. Wm. L. Clark, of Philadelphia, who re- 
moved the tonsil by the desiccation method with the high frequency 
current. After two weeks he returned with no sign of any tuberculous 
process in his throat, his active symptoms disappeared, and at the end 
of two months he went on our staff and continued doing regular work 
with no return of symptoms. 

We secured a high frequency machine and have used the method over 
a period of four, years in 32 cases. In 1918 Clark (4) reported his re- 
sults in over 50 cases, and our experience coincides with that as stated 
by him: ‘‘The desiccation method may be depended upon to fulfill 
every requirement, namely, sterilization, complete or partial removal 
of tonsils without surgical shock, hemorrhage, or great immediate or 
after discomfort to the patient, and with no resulting contracted cica- 
trix or danger of impairment of phonation.” This is the only method 
which is at all safe for the removal of ulcerated tuberculous tonsils, and it 
is not only safe but, where the process is limited to the tonsils themselves, 
it can practically always effect a cure. 

Oftentimes it is not necessary to remove a whole tonsil, for frequently 
the source of the trouble comes from the retained infected material in 
only a few of the crypts. This is most commonly true in the crypt 
opening into the supratonsillar fossa and at the base of the posterior pil- 
lar, where the tonsil is capped over by folds of mucous membrane which 
may hug so tightly as to close the mouths of the crypts. By the desicca- 
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tion method it is a comparatively simple matter to destroy enough of 
the tonsil to establish free drainage of these crypts; and in case the morbid 
local and general processes do not subside following this, the remainder 
of the tonsil may be removed at a later date. This has the double 
advantage of conserving all healthy tonsillar tissue for any useful pur- 
pose it may serve and of causing the least possible inconvenience to the 
patient from the operation. 

The only special equipment needed is a standard high frequency 
machine, a fulguration handle with suitable electrodes and a foot switch, 
all of which can be had with an outlay of about two hundred dollars, 
or perhaps less. It is the monopolar Oudin current which is employed. 
We use the little aluminum wire electrodes insulated with rubber tubing. 
The aluminum permits bending of the tip of the electrode to any desired 
angle, so that any part of the tonsil may be reached. The foot switch 
is essential in order that the current may be turned off instantly when 


necessary. 
The destruction of the tissues is accomplished by sparks from the 
electrode which cause dehydration or desiccation. The tip of the 


electrode should be held in contact with the tonsil, since any air space 
will prevent penetration. The current should not be strong enough to 
cauterize. The destruction may be carried to any depth desired, and 
either one or both tonsils may be removed at one sitting. The best 
results, however, can be obtained by destroying the tissues to only a 
small depth at one sitting and allowing sufficient time between treat- 
ments for the destroyed tissues to come away. It usually requires two 
or three sittings, at intervals of three to seven days, to completely remove 
a tonsil. By following this procedure tuberculous patients have so little 
soreness following the operation that they do not have to miss a single 
meal, they are not confined to bed and they have but little if any fever. 

We follow in the main the technique as described by Clark (4). The 
operation is carried out with the patient sitting in a comfortable chair 
with a head rest. The only anesthetic ordinarily needed is a topical 
application of an 8 to 10 per cent cocaine or novocaine solution. Rarely, 
in sensitive throats, 0.5 to 2 per cent novocaine or procaine, injected 
only into the tonsil, will be necessary in addition to the above to make 
the procedure painless. The reflexes are destroyed by an application 
of the solution to the pharynx and the neighboring structures. Several 
applications are made to the tonsils and a sufficient time is allowed for 
the drug to take effect, which is usually ten to twenty minutes. The 
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tonsils are not very sensitive to pain; but the pillars, tongue and uvula 
are quite sensitive, and great caution needs to be exercised to avoid 
touching them in applying the current. This was the source of error in 
the few cases which we have had to suffer any degree of pain or to have 
more than a slight amount of secondary inflammation following the 
operation. The tongue is kept out of the way by using a rather large 
tongue depressor, which is held,after being placed in the desired position, 
by the patient himself. This is not only a convenience to the operator 
but it has also a helpful psychological effect on the patient. At the first 
sitting a pillar retractor is usually not necessary, but after the more 
prominent portion of the tonsil is removed, it is necessary to retract 
the anterior pillar, in order that the part of the tonsil lying behind it 
may be brought into view for removal. For this purpose an instrument 
should be used, the edges of which are smooth and rounded, so that 
there will be a minimum amount of discomfort on traction. 

Our experience has been limited to adults. Naturally the method is 
not applicable without a general anesthetic in young children. But 
it is my opinion that it could be used as in adults in a good many children 
of intelligence of seven or eight years or older. We have had occasion 
also to use it only in cases of tuberculosis. There is no reason, however, 
why it should not be used in any condition such as cardiac and renal 
diseases, the anemias and hemophilia, in which surgery is contraindicated. 
The only disadvantages of the method are that it cannot be used in 
young children and that it requires more time and patience. 

The results recently reported by Witherbee (5) through the use of the 
X-ray in causing atrophy and sterilization of diseased tonsils, are so 
encouraging that the time may come when a tonsillectomy is rarely 
necessary. It will never be safe, however, to depend upon the X-ray 
alone in cases of active tuberculous ulceration of the tonsils. The 
desiccation method should be used for the removal of such tonsils. But 
even here the best results can probably be obtained through the combina- 
tion of the two methods. 

The desiccation method can be used best, of course, by a throat special- 
ist, but it can be used safely and with good results by any physician 
who is careful and who knows the anatomy of the tonsil region. A 
knowledge of electricity is not necessary. The equipment for its use 
should be a part of the armamentarium of every sanatorium. 
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SUMMARY AND CONCLUSIONS 


1. The surgical removal of tonsils entails rather serious risks for the 
tuberculous patient. 

2. In cases of active tuberculous ulceration of the tonsil the additional 
risk of disseminating the infection is so great that surgery is contrain- 
dicated. 

3. Tonsils, whether the seat of tuberculous lesions or not, can be re- 
moved without immediate or after bad results with the high frequency 


current. 

4, The procedure is simple and the equipment is not expensive. 

5. The main disadvantage of the method is that it requires more 
time, since the best results are obtained by light applications of the 
current at several different sittings. 
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UTERINE TUBERCULOSIS ASSOCIATED WITH UTERINE 
NEOPLASMATA 


JAMES R. SCOTT 
School of Medicine, University of South Dakota, Vermilion, South Dakota 


The concurrent existence of tuberculosis of the uterus and uterine 
neoplasmata is seldom considered by the average physician. While 
it is an uncommon association of diseases, there have been a few cases 
reported in the literature, and doubtless other cases have occurred which 
have not been recorded. A search of the literature as recorded in the 
Index Catalogue of the Surgeon-General’s Library resulted in the discovery 
of but seven cases, groupéd as follows: two cases of papillary adenomata 
with uterine tuberculosis; two cases of adenomyomata with tuberculosis 
of the uterus, two cases of mucous polypi and one case of uterine myoma 
associated with uterine tuberculosis. To this collection may be added 
a single case studied by the author, of tuberculosis of the uterine mucosa 
with a mucous polypus. 

Heinrich (1) reports a case of uterine tuberculosis with uterine myo- 
mata. It occurred in a patient, fifty-four years of age, a nullipara. 
There was no antecedent history of tuberculosis in the family. The 
menopause had occurred at the age of fifty-three. During the four and 
one-half months previous to her coming under observation she had suf- 
fered from almost daily uterine bleeding. She also complained of in- 
creasing weakness, severe vertigo, a cough with expectoration of blood- 
tinged sputum, and fainting spells. On examination, she presented 
multiple subserous and interstitial fibroids, from which a clinical diag- 
nosis of degenerated uterine myomata was made. Examination of the 
excised uterus revealed many myomata, subserous and interstitial. The 
endometrium was much thickened and infiltrated with small miliary 
tubercles. 

There are two instances of polypi in a uterus which was also the seat 
of tuberculous disease. The first case is that of Zahn (2). This uterus 
presented a tuberculous ulcer of the endometrium, extending into the 
myometrium. A mucous polyp was so situated that secondary invasion 
of the polypus from the tuberculous ulcer occurred. The other case 
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was reported by Michaelis (3). This patient was thirty-three years old, 
complained of menstrual irregularities, fever and anemia since her last 
pregnancy. A clinical diagnosis was made of chronic endometritis and 
curettage was performed. A mucous polypus was discovered. Micro- 
scopic examination of the curettings revealed the presence of tuberculosis 
and the polypus was likewise tuberculous. This was a secondary case, 
since the left lung presented evidences of tuberculous involvement. 
Tubercle bacilli were demonstrated both in the curettings and in the 
polypus. 

Two cases of papillary adenoma coexistent with uterine tuberculosis 
have been reported. Gigloi’s (4) patient complained of pelvic pain with 
menstrual disturbances. On physical examination, the thoracic and 
abdominal organs appeared normal, the uterus being slightly prolapsed. 
Vaginal examination showed the cervix transformed into an irregular, 
fungoid, very friable mass, which apparently arose from the external 
orifice of the uterus. This mass was somewhat painful on palpation. 
The uterus was slightly enlarged but was movable. Posteriorly, the 
uterus gave the impression of being the seat of an elastic tumor. The 
uterus was removed and histological examination furnished the diagnosis 
of ‘‘chronic tuberculous endometritis with papillary adenoma.” 

Madelener’s case (5) is peculiar in that it illustrates the infection of a 
polypus indirectly from a tuberculous ovary. The polypus was adenom- 
atous in nature and so situated that it lay in contact with an entirely 
local caseous focus in the myometrium and endometrium. The focus in 
the uterine wall was solitary, and evidently owed its origin to the tuber- 
culous ovary, which was adherent to the peritoneal surface of the uterus 
at a point overlying and closely corresponding to the point of develop- 
ment of the myometrial focus. 

Two instances of uterine tuberculosis associated with adenomyomata 
are found. Archambault’s (6) patient was an unmarried girl of twenty 
who suffered from pulmonary tuberculosis and a growth in the uterus. 
At operation, the peritoneum and ovaries were normal, while the tubes 
were tuberculous. The uterus presented an adenomyoma, and in this 
adenomyoma tuberculosis had secondarily developed. Microscopic 
examination revealed tubercle bacilli within the neoplasm. Lindquist’s 
(7) case was in a woman of fifty, who was suffering from Basedow’s 
disease. She presented a palpable neoplasm in the uterus. At operation 
this was found to be an adenomyoma which was the site of tuberculous 
invasion. Tubercle bacilli were demonstrated within the tissues of the 
adenomyoma. 
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The case which occasioned the writing of this paper, occurred in a married 
woman, aged forty-three years, American, 3-para. The family history was 
unimportant, there being no history of tuberculosis in the antecedents. The 
menstrual cycle began at the age of fourteen, and developed into a regular 
twenty-six day periodicity. There have been three pregnancies, the last 
occurring thirteen years previous to her -seeking advice. No miscarriages. 
Has had several attacks of influenza, one attack of pneumonia, which yielded 
to a rather protracted convalescence. The present complaint is that of an 
excessive loss of blood at the menstrual epochs, which has shown a tendency to 
increase with succeeding periods. This is accompanied by severe pain in the 
lumbar region, recently necessitating the patient being confined to her bed 
during the epochs. These periods last about ten days, during the last two or 
three days of which the flow gradually decreases. There also is evident a 
feeling of weight in the pelvis, which is accentuated at the periods. The 
patient complains of a moderate degree of constipation. On physical 
examination, the patient appears moderately well nourished, weight 130, 
with no apparent recent loss of weight. The chest and upper extremities 
appear normal. The abdomen is negative. The pelvis presents a somewhat 
enlarged uterus, with a slightly softened feel. The uterus was moderately 
anteflexed. The perineum was relaxed and the vulva gaping. There was a 
noticeable loss of tone in the perineum. A clinical diagnosis was made ofante- 
flexion of the uterus, probably due to the relaxation of the perineum. An 
operation for repair of the perineum was undertaken, previous to which a 
routine curettage was performed. Microscopic examination of the curettings 
revealed a mucous polypus, 3 by 1.5 by 1 cm. Sections of the curettings 
revealed a number of tuberculous ulcers, together with a few miliary tubercles. 
Sections from the polypus also showed the characteristic picture of tubercle. 
Sections stained for tubercle bacilli revealed a small number of acid-fast rods. 
The convalescence was uneventful, the patient being discharged in a satis- 
factory condition. She returned after several weeks, complaining of a loss of 
weight and a feeling of fatigue, with a distressing cough. Physical examination 
at this time revealed a suspicious area in the right apex, which was demon- 
strated in roentgenograms. ‘ The sputum however was negative for tubercle 
bacilli on repeated examinations. 


The symptoms of uterine tuberculosis coexistent with neoplasms do 
not clearly indicate the presence of the two separate entities. The 
patient usually complains of menstrual irregularity, usually in the form 
of intermenstrual bleeding of variable seriousness. Closely associated 
is the complaint of pain, characterized frequently as a dull, aching pain 
in the pelvic region, at times radiating down the thigh, at times down- 
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ward toward the buttock, and occasionally upward toward the dorsal 
vertebrae. Occasionally there is a complaint of rise in temperature in the 
afternoon. Increased nervousness and irritability are at times noted. 
In case of the neoplasm being a rather large fibroid tumor, there may be 
a complaint of sensations of weight and dragging in the pelvis. In the 
average case, the patient furnishes very little information which would 
lead to a suspicion of tuberculosis, although the history may be clearly 
indicative of the presence of a uterine neoplasm or chronic endometritis. 

On examination, there is often found a peculiar anemic condition, 
which is in part explained by the loss of blood through the menstrual 
disturbance, but in part is to be attributed to the tuberculous lesion. 
Palpation may occasionally reveal the presence of the larger neoplasms, 
but reveals no hint of tuberculosis. The vaginal examination reveals 
evidences of menorrhagia, accompanied by a varying amount of dis- 
charge simulating leucorrhoea. The bimanual examination may reveal 
the presence of the neoplasm, or may give indication of a retroversion of 
the uterus due to the new growth. The physical examination, in short, 
reveals no findings which suggest the presence of tuberculosis. 

The pathology varies considerably according to the type of neoplasm 
present and according to the location of the tuberculous process. The 
tuberculous lesion may be located in the uterine mucosa of a uterus 
which contains myofibromata, either submucous, subserous or interstitial. 
In the instances of tuberculous invasion of a uterus containing polypi, 
the lesions sometimes localize in the uterine mucosa, at other times de- 
velop within the tissues of the polypus. In thereported cases of adenomy- 
yma, the tuberculous process had in each instance localized in the 
neoplastic tissues, but probably this localization would not hold constant 
in a larger series of cases. 

The diagnosis of this association of diseases is by no means easy. The 
existence of the neoplasm presents only the usual difficulties, but there 
is usually little suggestion of the tuberculous lesion. In general, the 
diagnosis will be made only by those who undertake routine bacterio- 
logical examinations of all vaginal discharges. Smears should be thade 
from the vaginal discharge and stained for the demonstration of acid- 
fast bacilli. If bacilli can be thus demonstrated, animal inoculation 
should be practised to exclude the presence of nonpathogenic acid-fast 
organisms. In cases suggesting endometritis, where a curettage is per- 
formed, a portion of the curettage fragments should be ground up in a 
tissue crusher and the juice injected into a laboratory animal, while 
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another portion is embedded in paraffin and examined histologically, 
staining for acid-fast bacilli if the histological picture is suggestive. If 
these simple bacteriological manoeuvres were routinely practised in all 
cases of chronic endometritis, undoubtedly uterine tuberculosis would be 
detected more frequently. 

The differential diagnosis of this condition lies between neoplasmata 
of the uterus, chronic endometritis, and uterine syphilis. The diagnosis 
is made by a process of elimination through a combination of micro- 
scopic study of the curettings, animal inoculation, and the Wassermann 
test. 

Of the complications, the most serious is pulmonary or general miliary 
tuberculosis, in which case the uterine lesion is to be considered as a part 
of the general process. Tuberculous involvement of the Fallopian tubes 
may occur, although seldom reported. No cases of pregnancy in a 
uterus which was the site of tuberculosis and a neoplasm have come to 
my attention. 

The prognosis is unfavorable, except in the rare case where the tuber- 
culous lesion is primary in the uterus, and the uterus and its neoplasm 
can be removed surgically. In cases where there is peritoneal tuber- 
culosis or a coexistent pulmonary or general miliary tuberculosis, the 
outlook is nearly hopeless. 

The treatment should be surgical in those cases where the local disease 
is primary in nature, and in all cases where the evident lesions in the 
lungs have been quiescent for some time. The patient should be put 
in as good a physical condition as possible, and the use of spinal anaes- 
thesia will minimize the danger of activating the pulmonary lesions. In 
cases where there is active general miliary or pulmonary tuberculosis, 
the use of a supporting and nourishing diet, absolute rest in bed with 
fresh air, sunshine and suitable tonics, constitute the only treatment. 
Heliotherapy might be tried, but its advantages are not well established. 
The use of roentgen rays and radium have thus far not been particularly 
inspiring in the treatment of this disease, nor has tuberculin offered any 
hopeful results. 


CONCLUSIONS 


1. More attention should be accorded the possibility of tuberculosis 
of the uterus complicating uterine neoplasms. The cases reported in 
the literature are few in number; hence similar cases should be reported. 

2. The diagnosis is not simple. Increasing weakness, intermenstrual 
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hemorrhages, slight anemia, and radiating pains whose point of origin 
is apparently in the pelvis, and the presence of an evident neoplasm 
should call for careful laboratory investigation. 

3. The prognosis is good only in the cases where the uterus is the seat 
of the primary tuberculous lesion. It is also somewhat favorable in 
cases where the general systemic or pulmonary process is quiescent or 
healed. It is unfavorable where the pulmonary or general process is 
active. 

4. The treatment is surgical wherever possible. : Active pulmonary 
or general miliary tuberculosis is a contraindication to surgical treat- 
ment. Medical, dietetic and hygienic treatment should be used in 
nonsurgical cases and in the postoperative cases. Roentgen ray and 
radium therapy are disappointing. 
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THEORETICAL CONSIDERATIONS ON THE APPLI- 
CATION OF ULTRAVIOLET RADIATION IN 
TUBERCULOUS LARYNGITIS! 


EDGAR MAYER 


Saranac Lake, New York 


It is not with the intention of making any special claims for this mode 
of therapy that this paper is offered. A citation of 35 cases that I have 
been able thus far to treat would probably impress you favorably just as 
the results did me. However, we realize only too well the lack of criteria 
for determining which patients would and which would not heal spon- 
taneously after a sufficient period of time had elapsed. Therefore, 
adequate proof must necessarily be lacking. What should interest us 
much more is a consideration of the basic principles, to decide whether or 
not we may rationally expect that ultraviolet irradiation of an accessible 
lesion, such as the larynx, can promote healing. This necessarily involves 
a study of any direct effect of ultraviolet rays upon the body tissues. 

Varying claims for reflected light radiations have been made. The 
majority of workers, until recently, have employed reflected sunlight. 
Kunwald, Blumenfeld, Sorgo, Jessen, Jansen, Malgat and Vevey abroad, 
and Mills and Forster and others in America, have all been rather well 
impressed. Briining and Albrecht were disappointed in their work with 
solar rays, while with X-ray radiations they were able to demonstrate 
some fibrosis. With ultraviolet exposures, Heusner, Ladeback and 
Pachner have employed reflecting mirror devices and considered their 
results favorable. X-ray radiations of the larynx have also their expo- 
nents (Fleck, Ramdohr, Kiimmell and others); some confining them to 
infiltrative processes, others to ulcerative lesions. 

Because an accurate understanding of the rays employed is necessary, 
both when working with reflected sunlight and with reflected and direct 
ultraviolet radiations, it becomes essential for us to consider, at least 
briefly, the light sources and their qualities. Sunlight, as it reaches us 
both in high altitudes and the lowlands, contains the longer ultraviolet 
rays, as well as the visible heat, light and actinic rays and the invisible 
infrared rays; the shorter ultraviolet rays are lacking. In altitudes, the 

1 Read before the Clinical Section at the Seventeenth Annual Meeting of the National 
Tuberculosis Association, New York City, June 15, 1921. 
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ultraviolet intensity is greater, both in winter and summer, than in 
lowlands. 

Reflectors made of special metals can eliminate the heat rays, and the 
ultraviolet reflection may yet prove considerable. Nickel, aluminum, 
silver, platinum, silicon and magnalium may all be employed. Of these 
metals, magnalium, an alloy of magnesium and aluminum, is the best 
reflector of the chemical rays and completely eliminates the heat wave 
lengths; an objection to it is the ease with which it corrodes. Silicon is 
difficult to obtain in glazed form. Both of these have the best reflecting 
properties (85 per cent of the ultraviolet wave-lengths are reflected). 
The other metals mentioned reflect 35 per cent to 45 per cent. Mirrors 


Fic. 1. LaryNGEAL Mercury Quartz Licut (WaATER-COOLED) 


of glass are less effective than those of quartz, because of the marked 
absorption of the ultraviolet rays by the former. Quartz furthermore.is 
less breakable, does not oxidize, and can be easily sterilized by boiling 
because of its resistance to very high ‘temperatures. 

The mercury quartz lights contain an abundance of the short ultra- 
violet rays, not present in sunlight, as well as the additional longer ultra- 
violet, blue and violet wave-lengths (all chemically active). Seventy 
per cent of the radiation emitted by the mercury vapor arc consists of 
ultraviolet rays. Very few heat rays are emitted except the infrared 
wave-lengths, derived from the heating of the quartz container itself, and 
the metallic electrodes and the surrounding hood. It is interesting to 
note that, after 1000 to 1500 hours intermittent usage, little less than 
50 per cent of ultraviolet rays are still present. The total radiation after 
the same period decreases in intensity one-half to one-third the initial 
value. 
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The reflecting mirrorsemployed in this series are made of quartz resting 
upon anickel base. The surface is concave to obtain a greater intensity. 
Mirrors first tried were of solid quartz, surfaced with platinum. On com- 
paring the intensity of chemical radiation emitted, it was found that too 
much was lost to make the latter valuable. These reflectors are attached 
to the water-cooled mercury quartz light (Kromayer lamp). Laryngeal 
reflecting mirrors can also be employed with the air-cooled lamp, but the 
intensity of radiation is reduced too considerably to make it serviceable. 

As far as was ascertainable, all workers thus far have employed reflected 
radiation, each aiming by some special means to obtain the greatest 
ultraviolet intensity. A direct source of radiation which the new lamp 
offers would seem more desirable. ‘The lamp is a small mercury quartz 
water-cooled apparatus, similar to the Kromayer lamp, which can be 
easily handled and is not too large for insertion into the mouth. The top 
is covered with silver-leaf, so as to prevent burning of the pharynx and to 
obtain added reflection. Applied to the skin, radiation from this source 
produces, with a two minute exposure at a distance of two. inches, a 
marked erythema. The lamp is curved to conform to the pharynx and 
can be placed close to the larynx. The frequency and duration of the 
exposures depend upon the reactions obtained. The proper dosage for 
ultraviolet exposures of any lesion has not yet been accurately determined 
and must still be based upon experience. Actinometers, recently devised 
by Fiirstenau and others, and consisting chiefly of selenium cells, have 
not yet proved their value. It has been shown by many that with the 
X-ray, both for superficial and deep lesions, minute radiations can 
produce stimulation, while larger doses can easily destroy tissue. This 
would similarly seem to hold true for any form of light rays, the 
change occurring with only the smallest variation in dosage. We can 
provide either activation with small exposures or destruction with 
larger ones, a fact that has been demonstrated by Hess with the epithelial 
cells of the capsule of the lens, by Bovie with unicellular organisms, by 
Behring and Meyer with ferments and by Lutz with cells of the epi- 
dermis. Hence it is obvious how necessary it becomes for us to develop 
some means of accurately dosing our radiations, a measure that is for 
the present lacking. Until then, comparisons of results of different 
workers will be difficult. 

What is known of the direct effect of light rays upon tissues? The heat 
rays (red and infrared) set up an immediate vascular dilatation. This 
hyperemia interferes with the penetration of the ultraviolet ray, as 
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Finsen has shown, but may nevertheless prove a factor in stimulating 
healing. The penetrating power of the heat ray is great. 

The actinic rays (blue, violet and ultraviolet) produce chemical 
changes. The hyperemia set up by them occurs only after a latent 
period. Their irritating power may stimulate response on the part of 
an otherwise sluggish disease process. It is doubtful whether these rays 
have a specific selective destructive action upon tuberculous tissue. 
They can however rapidly destroy tubercle bacilli, but this bactericidal 
effect plays a minor part, if any, in the healing of lupus, as Klingmiiller 
and Halberstidt have shown. Finsen at first wrongly considered this 
the essential factor but his pupil Bang emphasized the hyperemic effects. 
It was Finsen who demonstrated that the chemical rays were those 
producing healing. Kriisius, with sunlight, was able to delay the 
development of experimental corneal tuberculosis in rabbits by exposure 
made immediately after inoculation, and considered this due to the 
destruction of some of the inoculated bacilli. According to Browning, 
Russ, Bovie, and Schunck, the bacteria are particularly affected by the 
shorter ultraviolets, those wave lengths not present in the solar spectrum 
as it reaches the earth. The ultraviolet rays are most easily absorbed in 
the superficial layers of tissues and it is this marked absorption that 
brings about the chemical changes. This is the factor generally empha- 
sized as very important for healing. The violet, indigo and the blue 
rays have a somewhat deeper penetration. 

The tissue proteins are easily acted upon by the shorter ultraviolet 
rays, whereby albumins become globulins; the protein of tuberculin can 
be affected; and movements of colloidal particles cease. Ferments are 
affected (Neuberg and Packard);. and peroxidases can be increased by 
small doses of the longer actinic rays, but destroyed by larger doses of 
the shorter ultraviolet wave-lengths (Behring and Meyer). Lymphocytes 
can be increased by local exposures of the shorter ultraviolets (Janet 
Clark). 

Histological changes after ultraviolet exposures of tubercles of a rabbit’s 
cornea (Jansen) show destructive effects, namely dilated vessels, partial 
thrombosis and destruction of giant cells and epithelioid cells, followed by 
a serous and serofibrinous exudate, with a collection of white blood 
cells, and finally vacuolization and necrosis. In lupus, there were 
fewer blood vessel changes because of lessened vascularity. Jansen could 
find these effects no deeper than one-half millimetre. 

To increase the direct effectiveness of ultraviolet radiation upon 
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tissues, fluorescent substances have been applied in isolated instances 
to the larynx. In this way, it was hoped that greater penetration of the 
shorter actinic rays could be brought about. The results were not 
encouraging. I attempted this with eosin applications upon five patients 
but discontinued it because of the lack of encouraging results. It might 
be better to apply quinine rather than eosin with ultraviolet wave- 
lengths, as the absorption spectrum of quinine is best for the ultraviolet 
rays. However its disagreeable taste prevented me from using it. 

Have we a right to expect unusually rapid healing in the application 
of an intense source of ultraviolet radiation to the larynx?. Judging from 
the results obtained by Finsen with lupus of the skin, a superficial lesion 
to which direct pressure could be applied, it would not be probable. It 
generally required exposures of one hour every five days with the carbon 
arc over a period of six months or more to obtain healing in the lupus 
cases. With the reflectors employed in this series, the patients have 
taken exposures by graduated increase up to forty-five minutes biweekly, 
the duration being decided by the reaction. The mucous membranes 
withstand radiation fairly well. With the direct source of light, expo- 
sures thus far have been increased only to ten minutes. Some patients 
occasionally did develop burns in the pharynx, but these were never very 
serious. 

‘Many workers have tried to heal disease of the larynx with 
general exposures of the entire body to ultraviolet radiation. Blegvad, 
Malstrém, Strandberg and other Scandinavian workers claimed good 
results with the carbon arc. Jesionek maintained that by general 
exposures he could obtain focal reactions in the larynx, but only in 
patients who had developed an intense skin pigmentation. Malstrém 
believed that he obtained them with general exposures of the carbon arc. 
The effect of general radiation upon the body tissues is not firmly estab- 
lished, but we can conceive of an indirect effect upon a distant focus of 
disease by way of the blood stream. How this occurs must yet remain 
unexplained. Changes of colloids and cell membranes, increased oxida- 
tion and reduction, changed proteins of the tissue cells and blood serum, 
variations in the number of blood cells, destruction or activation of 
ferments, have all either individually or collectively been held accountable. 
The good results with general radiation have not been realized by many 
workers other than the Scandinavians. It was tried upon ten of my 
selected patients, but with only little encouragement. 

Blumenfeld considers that the principal factor in the development of 
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a tuberculous laryngitis at the commonest sites of infection, namely, 
beneath the vocal cords and the mucosa of the posterior commissure, is 
the retardation of the lymph stream in these regions. It is interesting 
to note further that some observers have claimed, on the basis of theory 
only, that ultraviolet radiation aids by stimulating lymphatic flow. 
Should these assumptions have stronger foundation, one might be jus- 
tified in offering ultraviolet radiation as a prophylactic measure at the 
very onset, when any sign whatsoever would make us suspect the larynx. 

What evidence have we of the healing effect of direct ultraviolet 
radiation upon other superficial lesions? Cold abscesses gradually lose 
their suppuration and the clean wound is then stimulated to granulate. 
Fistulae are more difficult to heal, because of our inability to bring intense 
radiation to the very depths of the lesion. With nontuberculous, 
suppurating wounds, bacteria are quickly diminished; but reports do not 
agree as to the stimulation of granulations. Suppurating otitis media, 
tuberculous in character, can lose, its discharge under these direct 
ray applications. Tuberculous keratoconjunctivitis heals similarly 
(Passow and Lundsgaard). Many other reports contradict these results 
but, here again, the difficulty of accurate dosage and the variations in 
application compel us to reserve judgment. 

Before closing, a few general remarks upon the cases treated by me may 
not be amiss. Evidences of a marked focal reaction occasionally were 
noted by a feeling of fulness and dryness of the larynx; also pain and 
burning. Erythema and swelling, lasting about forty-eight hours, were 
seen in a few cases. With one patient a sharp red line of demarcation 
on the vocal cords was present, demonstrating the part that had been 
exposed and the part that had failed to be reached by the rays. One 
reaction occurred of marked intensity, with slight edema of the glottis 
and inability to phonate and swallow, which proved rather distressing 
for five days and then gradually subsided. Only afebrile cases were 
radiated, because the patients had to come to the office for exposures. 
There were no marked sudden changes, but most of those who took the 
radiations biweekly for over three months were bettered, and many of 
them had had a previous trial of silence treatment without result. Some 
ulcers healed but a few have not responded. Swellings were often dimin- 
ished. Irritating cough disappeared at times. Three cases of dys- 
phagia were relieved, but two did not respond without-aid of drugs. No 
harm has been noted in any case. 
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CONCLUSIONS 


1. Ultraviolet radiation heals superficial tuberculosis (lupus) but 


requires prolonged periods of time. 

2. Important direct effects of ultraviolet radiation upon diseased 
tissues, namely, destruction of superficial organisms, production of 
hyperemia with chemical changes of cell protoplasm and special influence 
upon the ferments, are known. 

3. Theoretically, one may justifiably expect that ultraviolet radiation, 
of sufficient intensity to produce focal reactions, can stimulate healing of 


tuberculous laryngitis. 
4. Impressions thus far obtained by this form of treatment by direct 


application of the rays are encouraging. 
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THE DETERMINATION OF CLINICAL ACTIVITY IN 
PULMONARY TUBERCULOSIS FROM 
ROENTGENOGRAMS 


(A Preliminary Study) 


GEORGE G.ORNSTEIN anp HOMER L. SAMPSON 
Trudeau, New York 


We have attempted to interpret X-ray findings in pulmonary tuber- 
culosis not only with regard to the extent of the lesion, but also as to 
whether the character of the lesion observed might be associated with 
the symptom complex that one observes in pulmonary tuberculosis. 
Determination of activity in pulmonary tuberculosis in the minds of 
probably most phthisiotherapeutists is limited to symptoms and physi- 
cal signs of the patient. Attempts to determine activity by means of 
complement fixation, tuberculin, auto-urine inoculation, chemical 
urine reactions, and sputum analysis have been made with unsatisfactory 
results. At the present time at the Trudeau Sanatorium clinical activ- 
ity is based chiefly on temperature and pulse. A case is called active 
when a patient’s pulse and temperature for more than three of seven 
consecutive days is above a rate of 90 and 99°F. for a male and above 
a rate of 96 and 99.6°F. for a female. 

The object of this paper is to try to bring the interpretation of roent- 
genograms of the lungs to such a fine point that the observer can deter- 
mine, without clinical information of the patient, whether activity or 
inactivity exists. For a determination of such sori we have a definite 
pathological background which one ought to be able to demonstrat : in 
an X-ray plate. Clinically we see patients with great variation in the 
extent of their lesions, some having a very extensive process and classi- 
fied as far advanced, others on the contrary with hardly enough to be 
called incipient. However, the former, who are expected to do badly, 
often do well and are without increased temperature and pulse, while 
the latter group may show all of the symptom complex which one finds 
in active pulmonary tuberculosis. 

That a minimal lesion may give a greater symptom complex than a 
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more advanced case has been attributed to differences in virulence of the 
infecting organisms or to a decreased resistance of one patient in com- 
parison with another. However, another explanation might be advanced. 
‘The anatomical unit of tuberculosis is the tubercle. The first effects 
of the lodgment of the tubercle bacilli in the tissues are the destruction 
of the adjacent cells. By irritation both from the products of metab- 
olism of the bacteria and from the action of foreign bodies the tubercle 
bacilli stimulate the surrounding tissues to proliferate a large quantity 
of epithelioid cells. This proliferation affects not only the connective 
tissue but also epithelial and endothelial cells of the vessels. An in- 
filtration of leucocytes and lymphocytes takes place. The mass of 
epithelioid cells surrounds the tubercle bacilli. The cells increasing by 
cell division cause a pressure on the peripheral layers and produce a 
dense heaping up and flattening of cells at the periphery tending toward 
encapsulation of the tubercle. The included vessels are obliterated by a 
coagulative process. The epithelioid cells at the periphery change their 
form, elongate and become fibroblasts, and make their way into the 
mass from the periphery. As a result of this the tubercle becomes 
avascular. MacCallum states that there is no provision made for a 
blood supply in such nodules and those capillaries, which were present 
at that point before, are found to be obliterated, so that if an organ 
studded with tubercles be injected through an artery with blue gelatin 
each tubercle will stand out as a white nodule against a blue background. 
Whether the lymphatics bear the same fate as the blood vessels has 
been a much disputed question. Some authors claim that the spread 
of infection to the adjacent parenchyma occurs through these nonoc- 
cluded channels and that the substances that produce the toxemia are 
carried into the circulation through the same source. That the flow of 
lymph in the tissues is found to be exceedingly slow and that the flow of 
the lymph is dependent upon the pressure within the blood vessels 
are known facts. Therefore, inasmuch as the blood vessels in a tuber- 
culous area become occluded, the flow of lymph from an area of that 
sort must be almost negligible. 

As the tubercle becomes avascular, the toxins and endotoxins liberated 
by the metabolism of the bacilli and the disintegration of cells are no 
longer absorbed into the circulation. That nature at once infiltrates 
those areas which are infected by tubercle bacilli in order to cut down 
the circulation, that there will be as little absorption of toxins as possible, 
is apparent. Between the time of the infection and the time the lesion 
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becomes avascular, we have a definite symptom complex and the degree 
of toxemia is not dependent on the size of the lesion but on the extent of 
lesion bathed by the circulation. We can now readily see that a patient 
with a vast amount of lung tissue diseased, which, however, because of 
fibrosis is shut off from the circulation, has no symptoms at all and 
apparently does well. 

We may assume that the absorption of toxins is more likely to occur 
in the formation of new tubercles which are not walled off than the 
walled off fibrous and calcified tubercles. In fact, we may go a step 
further and assume that, inasmuch as we know that fibrosis has taken 
place, circulation in that area has ceased and therefore absorption of 
toxins from that area is not possible. Some investigators claim that 
depending upon the amount of fibrosis present, a proportional amount of 
diffusion of fluids exists between the tubercle and the adjoining living 
tissue. That this can be only small in amount if it does occur is apparent. 
Since circulation plays so great a part in toxemia we can see how easily 
the latter is dependent upon the amount of lesion the circulation drains. 
For example, two lesions of equal extent and intensity in one of which 
the tubercles coalesce and in the other disseminate give different pictures 
of toxemia. The area drained from the coalesced tubercles is small in 
comparison with the total area drained from the disseminated tubercles. 

The pathological changes that may take place in tubercles will now 
be considered. The changes follow the‘death of the cells in the tubercles. 
A form of coagulation necrosis follows and the cells lose their outline 
and nuclei. This necrotic area is firm in consistency and may become 
stony through deposits of calcium salts. The area on the other hand 
may frequently soften because of secondary infection. New tubercles 
may often become hyaline and fibrous. When softening and caseation 
occur the necrosis may invade the adjoining normal parenchyma and 
spread from there by continuity, lymphatics, and blood supply.” If 
the necrosed area extends through the wall of a bronchus, the contents 
are expelled into the lumen of the bronchus and expectorated. 

If the cavity is small, granulation tissue may appear at the base and the 
cavity becomes gradually smaller and smaller, contracting entirely, and 
converted into a cicatrix. On the other.hand, if the cavity is large an 
encapsulating membrane may occur between the cavity and the living 
tissues, the mouth of the cavity remaining open in the bronchus. This 
form of cavity is always a source of danger, as infectious material may be 
aspirated into the nonaffected areas at any time. Softening and necrosis 
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at the visceral pleura may cause a spontaneous pneumothorax. When 
the interlobar pleura becomes involved localized pneumothoraces very 
often occur. The localized pneumothoraces are commonly seen as 
annular shadows and very often resemble cavity formation. Spontane- 
ous pneumothorax and localized pneumothorax should be looked upon 
as the result of recent processes of softening. 

An exact and precise description of the radioscopic appearance of the 
thorax is difficult and the added task of differentiating between activity 
and inactivity of a lesion even more so. Interpretation of shadows in 
roentgenograms should always be associated with the pathological 
process which may account for such shadows. ‘Tubercles may occur in 
various stages—from early formation in which the tubercles are not 
walled off to the later stages in which they are fibrous and calcified (walled 
off tubercles). Shadows cast by tubercles vary almost directly in pro- 
portion to their density. Shadows cast by new tubercles are nebulous 
in character, and their margins appear to shade into the adjoining par- 
enchyma, while a more opaque appearance with sharper margins of 
the shadows occurs with the fibrous and calcified tubercles. 

Pulmonary changes created by the advance or retrogression, and, if 
we may say, final healing of pulmonary tuberculosis, produce certain 
shadows in the roentgenogram, which may be differentiated. Patho- 
logically active tuberculosis differs materially from the healed tubercle 
or the resulting scar tissue. In the active cases we see an entirely dif- 
ferent picture from that seen in the case which can reasonably be consid- 
ered healed. In the former we usually see a combination of various 
shadow manifestations and in order to avoid confusion an attempt will 
be made to describe a small field in the active process. Assuming that 
there is no scar tissue or calcification in this limited area, we see mottling 
with decidedly ill defined margins, or a “cotton ball” appearance as we 
prefer to call it, blending gradually with the surrounding lung tissue, 
which appears hazy and cloudy. When the above picture can be demon- 
strated in the roentgenogram, we can be reasonably certain that both 
pathological and clinical activity are occurring. 

Assuming that this cottony appearance indicates activity, as the 
disease retrogresses the lung tissue surrounding the “cotton ball” appears 
to become better aerated and probably at the same time we realize that 
the “cotton ball” is smaller and more compact. Or again, we may see 
the “cotton balls” (usually the small ones) almost fade from view, 
leaving a more or less finely dotted appearance orlittlestring-like shadows. 
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Fic. 1. APPEARANCE OF AN ACTIVE PARENCHYMATOUS LESION, CLASSIFIED UNDER Group XX 
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Fic. 2. THe SaME CasE As IN Fic. 1, ONE YEAR LATER, SHOWING DEFINITE CLEARING, 
AND NOW CLASSIFIED UNDER Group X 
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Fic. 3. PARENCHYMATOUS LESION, SHOWING MARKED FIBROSIS AND CALCIFICATION, CLASSI- 
FIED UNDER Group O 
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As time goes on, when the patient is doing well, the mottling loses still 
more of its collateral haziness; the “cotton balls’? become more compact 
or their appearance more discrete, the ray filtering through areas that 
were previously hazy; and the picture is that of a better aerated lung. 
As a rule, further retrogressive changes occur in this group and the 
patient is clinically inactive. 

We have still another group of cases in which the plates show a pre- 
ponderance of string-like or wiry shadows, or dense discrete mottling. 
in this group further retrogressive change is hardly possible and we may 
look upon these cases as probably healed tuberculosis. 

From the above discussion of pathological changes in the lungs, their 
relationship to circulation and the X-ray evidence of these pathological 
changes, it is evident that unless there is an occurrence of new tubercle 
formation demonstrable in the roentgenogram as described above, even 
in the presence of extensive lesion one may conclude that, at the time 
of the reading, clinical activity is absent. 

Our studies were based on one hundred cases. The stereograms were 
interpreted without any information of the cases, and placed in three 
groups, the first in which both clinical and pathological activity were 
present, a second group in which further retrogressive changes were 
probable, and in this group clinical activity absent, and a last group in 
which the condition simulated as closely as possible healed tuberculosis. 
The X-ray diagnoses are compared with the clinician’s diagnoses of 
activity or inactivity. Out of one hundred cases, eighty-seven agreed 
with the findings of the clinician. Five cases called active by the clini- 
cian were diagnosed as inactive by X-ray. There were twenty-six 
cases that were diagnosed active by the clinician, therefore the X-ray 
diagnosed 81 per cent of the active cases. The course of the five cases 
was inactive. Out of seventy-four cases diagnosed inactive by the 
clinician, the X-ray diagnosed eight as active, that is, 88 per cent of this 
group were correctly diagnosed. The course in six of these eight was 
inactive. The course of the disease was, as a rule, the same as that of 
the X-ray diagnosis: these two agreed in 91 per cent of the cases. 


SUMMARY 


1. Activity is indicated in the roentgenogram by (1) mottling with de- 
cidedly ill-defined margins, blending gradually with the surrounding 
lung tissue, which appears hazy and cloudy (non-walled-off tubercles) 
and (2) the presence of spontaneous and localized pneumothoraces. 
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2. The amount of activity is dependent upon the area of surface 
drained by the circulation (coalesced or disseminated tubercles). 

3. Diminished activity runs parallel to the amount of fibrosis and 
calcification that has taken place. 


TUBERCULOSIS VERSUS INFLUENZA 


J. J. SINGER 


From the Department of Internal Medicine’ of the Washington University Medical School, 
Saint Louis, Missouri 


In the diagnosis of pulmonary tuberculosis it has become necessary 
to take into consideration many factors that were not considered essential 
several years ago. It was customary to make diagnoses based on the 
following essential points: a history of loss of weight, fever, cough, 


sweats, and exposure to tuberculosis. On physical examination the . 


usual signs were changes in percussion note, changes in breath sounds, 
and rales in certain areas in the lungs. The roentgen ray examination 
of the chest by the fluoroscope and roentgenographic method showed 
evidence of densities in various parts of the lung, usually the upper. 
Whether tubercle bacilli were found in the sputum or not, the diagnosis of 
positive tuberculosis was usually made on the above findings. Since the 
epidemics of influenza in 1918, 1919 and 1920, there have been found many 
cases which fitted in very well with the cases formerly diagnosed as 
tuberculosis; but on closer analysis of these cases it was found that in- 
fluenzal inflammation of the lungs gave factors similar in every way to 
cases of tuberculosis. 

How then are we to distinguish these diseases when the signs and 
symptoms are so similar? It is the purpose of this paper to show the 
necessity of more careful analysis of signs and symptoms in lung cases, 
so that nontuberculous cases are not labelled tuberculosis, and vice 
versa. It is essential to recognize the fact that physical signs and 
roentgen rays are based upon the same physical factors, that is, densities 
in the lungs, produced by inflammation or new growth or congestion: 
all change the conduction of vibrations of sound and light in the same 
manner. It is therefore necessary to analyze the changes of sound and 
the changes of the roentgen rays in the light of the etiological factors. 

Influenzal inflammation of the lung shows almost every variety of 
pathological condition in the lung that tuberculosis does. But time 
shows that the alterations in the lung do not remain constant as is usual 
in tuberculosis (1). 
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In case after case of so called tuberculosis, in which tubercle bacilli 
were consistently absent, serial X-ray plates and frequent examinations 
have shown the lungs to have regained their former condition. This 
does not occur in tuberculosis to such a degree. It is not unusual in 


Fic. 1. ROENTGENOGRAPH TAKEN APRIL 28, 1920 


The plate shows haziness throughout the left lung with a dense shadow in the 2nd, 3rd 
and 4th interspaces, partly connected with the hilum shadow. Lung markings at the apex 
are very much thickened and air content is not good. The left half of the diaphragm is 
raised high and there is no costophrenic angle. The right lung shows compensatory “air 
content. The markings throughout the lung are thickened (probably hypertrophy of the 
lung tissue). 


tuberculous lungs, with bacilli, to find that the consolidation and shadows 
disappear to some degree; and it is well known that in the healing of 
tuberculous processes we have a shrinkage of the shadows due to the 
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lessening of the congestion and the absorption of inflammatory sub- 
stances. 

I wish to report a case that has recently come under my observation 
which bears out these statements. 


Fic. 2. ROENTGENOGRAPH TAKEN JUNE 5, 1920 


The shadow in the 2nd, 3rd and 4th interspaces of the left lung, connected with the hilum, 
is rather dense, but is considerably less dense than in fig. 1. The air content is very much 
better. The left side of the diaphragm is still high and the costophrenic angle absent. 


E.H., twenty-two years old, reported at the Washington University Dis- 
pensary, April 28, 1920, with a history of cough and pain in the left side. She 
had influenza two months previously and was confined to bed for two months. 
Since that time she has had cough and a feeling of general weakness. She 
had lost thirty-two pounds since January, has dyspnea on slight exertion, 
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coughs a great deal, expectorates a great deal of thick purulent sputum, and 
has marked palpitation during coughing attacks. Her appetite is good, no 
nausea or vomiting, bowels and urinary condition normal. She has missed 
two menstrual periods since January. She feels drowsy and languid all the 
time. Her general health was good prior to January, 1920. She had whooping 


Fic. 3. ROENTGENOGRAPH TAKEN DECEMBER 2, 1920 


The hilum shadow is perfectly normal, the diaphragm is still raised and the air content 
in the left lung is good. 


cough and measles, and influenza, lasting a week, one yearbefore. Herhabits 
were good and family history negative. 

Physical examination: Anemic young woman. Pupils equal, react to light 
and accommodation; teeth fair; small tonsils, which were congested; small 
thyroid; no other glandular enlargement. The physical signs of the chest 
show marked dulness throughout the entire left chest, both anteriorly and 
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posteriorly. The breath sounds are diminished throughout the anterior area. 
The whisper and voice sounds are somewhat increased over the midportion of 
the lung posteriorly. There is an area, about the size of a dollar, at about the 
left angle of the scapula, where there is a marked increase of breath, voice and 
whisper sounds (positive D’Espine’s sign). The base of the lung (left) pos- 
teriorly shows dulness, breath sounds and whisper almost absent. The right 
lung shows slight impairment at the apex, both anteriorly and posteriorly; 
below this there is compensatory emphysema. The roentgen ray plate at 
this time showed a definite shadow throughout the entire left lung, with a much 
denser shadow at the left hilum, about the size of a peach. The left diaphragm 
was high and the costal angle absent. The right lung showed slight haziness 
in the right apex with compensatory air; and a deep costophrenic angle. Her 
temperature was 99.2°; pulse, 120; weight, 113. 

Upon these findings a positive diagnosis of tuberculosis was made, in spite 
of the fact that no tubercle bacilli were found. The patient was sent to the 
City Hospital for further observation, as she appeared too sick to be a clinic 
patient. On May 19, 1920, she returned to the clinic feeling somewhat better, 
and had gained three and one-half pounds with a marked improvement in her 
cough. The physical signs showed somewhat the same signs as the previous 
examination, but not so marked. The roentgen plate showed some clearing 
of the shadow in the left lung, except around the hilum which was still quite 
dense. In August, 1920, breath sounds were still diminished throughout the 
left chest. The roentgen plate still showed hazy shadows throughout the left 
lung. The patient had gained eighteen pounds and was working daily, but 
tired very easily. On November 27, she again returned. All signs 
had cleared up, except the increased whisper and slight impairment in 
the left posterior interscapular region. The roentgen plate then showed 
considerable clearing up of the shadow, except at the left hilum which was 
rather dense. On April 12, 1921, the patient returned weighing 161 pounds, 
a gain of 48 pounds. She feels perfectly well, has no cough and to all appear- 
ances is in perfect health. 


In analyzing this case we have, then, definite history, physical signs 
and roentgen findings, all pointing to a diagnosis of tuberculosis; but. 
in the light of the improvement, and the absence of tubercle bacilli and 
the changes in the roentgen plates, one feels that we had to do with a 
postinfluenzal inflammation of the lungs. It is now our custom to take 
serial plates of patients who show signs of tuberculosis, especially those 
in whom no tubercle bacilli were demonstrated in the sputum. 

There has been a considerable literature on the subject of the relation 
of influenza to tuberculosis, from which a controversy has resulted as to 
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whether influenza activates a latent tuberculosis of the lungs. A 
number of these cases of so called activated tuberculosis, I believe, are 
still postinfluenzal infections. The presence of tubercle bacilli is fre- 
quently the only deciding factor in the diagnosis of these cases. 

In a recent paper Dr. Louis Boisliniere (2) mentioned a number of 
communications from various sanatoria. His conclusions were that a 
great number of cases of tuberculosis followed the influenza infection. 
Undoubtedly there are a great many cases of tuberculosis that developed 
after this infection, but great caution must be used if we wish to establish 
definite diagnosis. In conclusion I will say, that the ‘‘time element” in 
the diagnosis of tuberculosis following influenza is an important factor, 
and that several plates should be taken at various times in all suspicious 
cases, and repeated sputum examinations should be made. 
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THE NUTRITION OF ACID-FAST BACTERIA 


ESMOND R. LONG 


From the Depariment of Pathology of the University of Chicago and the Otho S. A. Sprague 
Memorial Institute 


Ever since the possibility of confusion has existed, those micro- 
organisms which stain with more or less difficulty with the common 
aniline dyes, but which, once stained, retain their color tenaciously 
against acid and alcohol, have been considered as a biological division. 
About forty types, described at various times, have been herded to- 
gether in bacteriological classification, largely on the basis of this single 
property, and spoken of as the “acid-fast” group, in distinction from 
such groups as the ‘‘colon-typhoid” group, the ‘‘mucosus capsulatus” 
group, and so on. Some of these are certainly identical, while others 
have been considered by many investigators as mutually transmutable, 
perhaps derived originally from a common acid-fast ancestor. More 
conservative writers (1), (2), (3) doubt this transmutability, however, 
and prefer to distinguish two main types, pathogenic and nonpatho- 
genic, with several subgroupings within the two main divisions, based 
on habitat. 

It would seemingly not be justifiable to classify these bacteria on 
the basis of that single attribute, unless it were a fundamental one not 
possessed by other bacteria and maintained always under given condi- 
tions by the ones in question.. Reduced to concrete terms the propriety 
of placing them in a single group, since it cannot be done on the basis 
of virulence, depends, in the opinion of the author, upon the answer to 
such questions as these: Do they have in common any of the recognized 
chemical carriers of specificity? Particularly, do they possess common 
or closely related proteins not included in the bodies of other bacteria?— 
protein being generally considered the carrier of hereditary character- 
istics (4). Do they become non-acid-fast under any conditions and 
breed true in the new state? Can any of the bacteria outside the group 
be made to take on this property of acid-fastness? In summary, is 
acid-fastness a manifestation of any biological individuality? 


1 Aided by a grant from the National Tuberculosis Association. 
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Now the nature and individuality of the proteins present in the pro- 
toplasm of different bacteria cannot be readily revealed by the present 
coarse methods of chemical analysis. Fortunately, however, we have 
most delicate tests of another kind, the so called biological ones, mys- 
terious in their working, but none the less accurate, which permit a 
sharp differentiation of proteins. And on the basis of such tests we do 
have reason for believing that certain of the acid-fast bacteria possess 
common proteins not present in the bodies of certain other bacteria. 
The information is incomplete and will require much extension to fur- 
nish the basis for the formulation of a law, but it seems definite as far as 
it goes. Krause and Baldwin (5), who have reviewed the investigations 
of others, find in their own experience that guinea pigs sensitized with 
any of the following extracts: human type tubercle, butter, leprosy, 
timothy, milk, dung and smegma bacilli, will react to their proper anti- 
gen or to that of any of the others, but that none of the animals so sensi- 
tized will react to B. subtilis emulsion, nor will subtilis sensitized pigs 
react to the acid-fast preparations. On the other hand, Urbain and 
Fried (6) and others have noted a biological relationship between the 
tubercle bacillus and the diphtheria bacillus, in obtaining positive com- 
plement fixation with either bacterium as antigen in disease caused by 
the other. A situation of multiple antigen, somewhat akin to that 
discussed by Much, is quite naturally suggested. 

Acid-fastness is most commonly explained as a function of the high 
wax content of these organisms. Yet it is far from likely that the wax 
itself is a carrier of any specificity (4). It is probably only associated 
with it, in which case it would be dependent upon some more significant 
underlying factor of nutrition. It should be mentioned that some non- 
acid-resistant saprophytic bacteria have been made to acquire acid- 
fastness by growth upon lipoid-rich media (7), and acid-fast ones to 
become non-acid-fast by cultivation upon media not readily adapted 
to the synthesis of fat (8). 

Now a certain amount of specificity is unquestionably determined by 
the presence within a cell of a high concentration of a given enzyme (4). 
That statement altogether begs the question whether enzymes are pro- 
teins or not. A pancreas cell differs from a liver cell in the marked 
ability of its expressed juice to break down protein subjected to its 
destructive influence. It contains a high concentration of what we 
call tryptic ferment. A liver cell apparently differs from one of the 
intestinal mucosa in its faculty for working up the ammonia elaborated 
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in the gastrointestinal tract into the innocuous substance, urea. Crudely 
expressed, these cells differ in one respect in that they work with 
different tools, more or less specific for each. 

Bacteria, too, differ among themselves in the same way, and several 
good but incomplete classifications are based on the differences observed. 
The experiments recorded below represent a study of the similarities 
and differences in the action of the acid-fast bacilli upon some of the 
common food stuffs provided for them in nature. The attempt was 
made to learn whether they possess common nutritional properties as 
well as the compositional one expressed by the phenomenon of acid- 
fastness. No effort has thus far been made to trace their development 
from these foods. They were furnished with simple diets containing 
all the necessary elements for the construction of protoplasm, N, C, 
H, O, P, S, K, Na, Ca, Mg, and Cl; and they grew or died, according as 
they did or did not possess the tools for obtaining their livelihood from 
the materials in the form provided. 

Nitrogen was furnished in certain well defined protein decomposition 
products, in amino, amide, amine and imino form. Carbon was sup- 
plied in the form of amino acids or certain alcohols and acids. P, S, K, 
Na, Ca, Mg, and Cl were kept constant in all experiments, the media 
containing 0.5 per cent NaCl, { KH2PO, and traces of MgSO, and 
CaCl. In addition, 2 per cent purified agar was used in all experiments 
except those with tubercle bacilli (human and bovine types). This 
may be considered an inert substance. Cultures were run in 
quadruplicate. 

In the tables below growth is recorded by an arbitrary system of 
pluses, one plus meaning distinct but not heavy growth, two pluses, mod- 
erately heavy, and three pluses, profuse. Human and bovine type tuber- 
cle bacilli were grown for one month, and all others for two weeks. All 
were grown at 37°C. except the frog, fish and turtle bacilli, which were 
kept at 25°. | 

The isolation histories of the bacteria used were not known in all 
cases. H37 and R1 are old cultures of tubercle bacilli of the human type, 
isolated from cases of pulmonary tuberculosis seventeen and thirty 
years ago, respectively, the first of relatively high, the second of decid- 
edly low virulence. H102 is a human type bacillus isolated from sputum 
in 1920. B1 is a bovine type bacillus isolated from a cow’s lung in 1902. 
Al is an avian bacillus isolated from a chicken in a California epidemic 
in 1905. The timothy bacillus and frog bacillus are descendants of 
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strains isolated by Moeller in Berlin about 1904. The turtle bacillus 
culture is the same as that brought to this country by Friedmann in 
1913. The others are stock strains of some years standing from the 
American Museum of Natural History, and the Hygienic Laboratory 
and the Department of Bacteriology of the University of Chicago, for 
which exact histories were not available. All were acid-fast and re- 
mained so on all media used. 


SUMMARY OF RESULTS 


In table 1 growth with a number of amino acids as sole source of 
N and with glycerol as an additional source of C is recorded. These 
being all a-amino acids, the N has the same relationship to the rest of the 
molecule in each case: that one expressed by the formula R. CH. NHb. 
COOH. R is either CHs, as in the case of alanine, or CH; with one H 
atom replaced by another group. In all except leucine the replacing 
group is a ring structure. Table 2 records the availability of the factor 
R in its various forms for building the entire carbonaceous portion of 
the bacterial body, glycerol being left out of the medium, the remainder 
of the amino acid after the extraction of the amino group constituting the 
sole supply of C. 

Summarizing the results obtained, we note that the amino group is 
utilizable by all bacteria as their sole source of N. With all bacteria 
used except the avian bacillus, alanine served readily as a source of N. 
Why alanine could not be used by avian bacilli, when isopropyl alanine 
(leucine) and imidazol alanine (histidine) were utilized, awaits later 
explanation. It is easier to explain why growth was relatively feeble 
when tryptophane (indol alanine), phenylalanine and tryosine (oxy- 
phenylalanine) were used. These compounds contain the benzene 
nucleus, which in small amounts is toxic to bacteria. With each atom 
of N withdrawn, in the case of phenylalanine, for instance, a molecule 
of phenyl lactic or phenyl pyruvic acid is left as a possible interferent 
with growth, even when an adequate supply of C is available from another 
source, glycerol. 

This factor of toxicity may be further studied in table 3. Three 
media were used for this experiment. In each case the same amount 
of N was present. In one medium was ™ alanine, in another } phenyl- 
alanine, and in the third # alanine plus ¥ phenyl alanine, in addition 
in each case'to 5 per cent glycerol. It will be seen that with the excep- 
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tion of the avian bacillus, for which an inverse relation obtains, as noted 
above, all bacteria grew well with alanine as a sole source of N, sparsely 
or not at all with phenylalanine, and that in the case of human and 
bovine type tubercle bacilli, turtle and fish bacilli, smegma and various 
types of grass bacilli, growth was improved by replacing half of the 
phenylalanine with alanine, but that such substitution did not restore 
growth to the level obtained with alanine in the absence of its phenyl 
modification. It is of course conceivable that bacteria use a different 
deaminizing enzyme for each amino acid, and that those studied here 
are better equipped with the one for alanine than that for phenylalanine, 
but it seems more probable that the factor concerned in the decreased 
growth with the latter is the toxicity of the compound left after the 
deaminization. 

Table 2 shows the availability of the carbon residue left after deami- 
nization. ‘This residue seems useless to the tubercle bacillus in all cases, 
this organism being strongly glycerophilic. The leprosy bacillus on 
the other hand possesses the necessary tools for working up the residue 
from alanine and leucine, at least, into its own substance and maintain- 
ing itself on these residues as the sole source of its carbon. It is unable 
however to use the deaminized residue from histidine (from which it is 
able to abstract N: see table‘1). Frog, turtle and fish bacilli behave in 
an entirely similar manner. In all probability we are dealing here with 
an inability to split the imid-azol ring of histidine into the simple 
groups from which synthesis of the necessary variety of bacterial building 
stones can start. 

Smegma bacilli are better equipped for coping with an unfavorable 
environment, in that they possess the mechanism for deriving their 
entire carbonaceous nutriment from the imid-azol-propionic arrangement 
of C atoms, in all probability splitting the imid-azol ring. The same 
statement holds for most of the grass bacilli, the dung bacillus béing 
considered a grass bacillus. Smegma and grass bacilli are however un- 
able to get the necessary nourishment from the carbon residue of tryp- 
tophane, although, as table 1 shows, they are able to deaminize it. 
This means, either that they are unable to split up the indol-propionic 
grouping, or that the latter is too toxic. Probably the former possi- 
bility is the correct explanation, in view of the fact that some growth 
does take place when glycerol is supplied as an additional source of C, 
none at all occurring on tryptophane alone. 
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In table 4 a comparison is made of the utilization of N in various forms, 
amino, amide, amine, imino, and ammonia. In each case an adequate 
supply of C was presented in glycerol. Summarizing, we note that 
the amino group of alanine is readily used by everything except avian 
bacilli. The acid amide group of propionamide is used by all bacteria 
except the turtle bacillus. The ammonia grouping serves as the sole 
source of N for any of them, and it is probably chiefly by conversion 
into this form that the N of any chemical grouping is used. Creatinine 
is not used by tubercle bacilli, may or may not be used by leprosy bacilli, 
but is susceptible to the action of the bacilli of cold blooded animals, 
the smegma bacilli, and the various grass bacilli. It is an example of 
nitrogen in the imino grouping, vulnerable apparently to the above 
named group. 

Urea, which may be looked upon as the diamide of carbonic acid 
or as the amide of carbamic acid, is not so readily utilized as might be 
expected. Readily available to leprosy bacilli, smegma bacilli, and all 
the grass bacilli, its N cannot be used by human, bovine or avian type, 
tubercle bacilli or by any of the bacilli of cold blooded animals except 
the frog bacillus. 

Of all the bacteria used, only three possessed the power to use the 
N of ethyl amine. Curiously enough these were of different groups, 
two of them being grass bacilli, the other the frog bacillus. Tubercle 
bacilli were unable to utilize it. This experiment was repeated several 
times in view of the fact that two years ago the author (9) reported utili- 
zation of amine N by tubercle bacilli. As prepared, the amine used at 
that time must have contained some ammonium chloride, enough to 
account for growth of the tubercle bacillus. The product. used in the 
experiments here recorded was ammonia-free, and it can be definitely 
stated that H37, Bi, and A1 do not use this compound. In general the 
amines are stable compounds in the laboratory. The remarkable thing 
is not that so many bacteria failed to use ethyl amine nitrogen, but 
that some were able to do so. The frog bacillus and grass III and IV 
obviously possessed something lacking in the other bacilli, a mechanism 
for prying the NH: group off from a primary amine. No explanation 
can be given of the difference in the behavior of the frog bacillus and 
its supposed relatives, the turtle and fish bacilli, and in that of grass 
III and IV and the other grass bacilli. It was sharp and unquestionable, 
however, serving to show how complicated the problem of differenti- 
ating bacteria on a chemical basis may be. As a point of interest it 
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may be mentioned that a culture of the frog bacillus contaminated with 
B. subtilis was readily cleared of the contamination by growth upon an 
amine medium, in which ethyl amine was the sole source of both N and 
C, B. subtilis being unable to use the amine. 

- The action of the frog bacillus was further examined in the following 
experiment. Fifteen bottles of a medium containing ethyl amine hy- 
drochloride as the entire supply of N and C, after serving for the growth 
of the frog bacillus for one month, were distilled, and the distillate was 
treated with ammonia and Lugol’s solution. No crystals were formed, 
but a marked odor of iodoform developed, indicating the production by 
the frog bacillus of a certain amount of either ethyl alcohol or acetalde- 
hyde in the medium. A control of fifteen bottles inoculated at the 
same time with the grass bacillus, which did not utilize this compound, 
was subjected to the same treatment and failed to give the test. 

In table 5 is indicated the utilization of C in various forms, from 
which only empirical deductions can be drawn at the present time. 
Glycerol is readily used by all members of the group. Glycol, its homo- 
logue with one less carbon atom, is not utilized by any. Ethyl] alcohol 
has a limited utilization, serving as a sufficient source of carbon to the 
frog bacillus, smegma bacillus and grass bacilli, and perhaps some of the 
others not tried. Methyl alcohol, its homologue with one less carbon 
atom, is unutilizable. So much for alcohols. Propionic acid served as 
a complete source of carbon for frog, turtle, smegma and grass bacilli, 
but not for tubercle, leprosy or fish bacilli. Its homologue with one 
less C atom, acetic acid, was unutilizable. Lactic acid was similar in 
its nutritive value, except that the leprosy bacillus did use it and the 
turtle bacillus did not. Its homologue with one less carbon atom, 
glycollic acid, was unutilizable. Pyruvic acid sufficed as sole source of 
carbon for all bacteria except human and bovine type tubercle bacilli 
and one of the avian strains. Its homologue, glyoxylic acid, was unfor- 
tunately not available for investigation. Most remarkably, for some 
bacteria formic and oxalic acids could serve as the sole source of car- 
bon. These substances contain only H: as available energy; unknown 
reduction processes go on to render their carbon utilizable. 

In general, it will be noted from the above summary that the three 
carbon atom acids are utilizable for synthesis, and the two carbon ones 
not. It is to be noted that the alcohol related to the three carbon atom 
acids in sugar metabolism, equivalent to lactic acid minus carbon diox- 
ide, namely, ethyl alcohol, is utilizable, while the alcohol similarly 
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related to the two carbon acids, methyl alcohol, is unutilizable. The 
usefulness of glycerol and nonutility of glycol for this group of bacteria 
is no new observation, it having been recorded years ago by Proskauer 
and Beck (10). 

DISCUSSION 


The protocols above record the results of some four hundred and fifty 
culture experiments, or about eighteen hundred cultures, since each 
experiment was carried out in quadruplicate. Naturally, in a series of 
that size many discrepancies occur. Space would not permit a separate 
discussion of all of these, nor would such discussion, indeed, be profit- 
able. We cannot ignore the fact that bacteria as living things possess 
a certain variability not encountered in standard, dead chemical reagents. 
I have seen a chromogenic strain of grass bacillus run pure white through 
three weeks on one transplant in quadruplicate and return to a bright 
yellow in the transplant from this to the same medium. It is no cause 
for wonder that their chemical action on food stuffs is not always as 
expected. 

In spite of this fact and in spite of the fact that the above tables are 
obviously incomplete, various strains being added or withdrawn in the 
course of the investigation, perhaps enough broad generalizations may 
be drawn from them and the summaries given in the text, to furnish a 
start on classification, subject always to revision. Furthermore, if 
this classification is to be useful in a practical way, it must recognize 
the point of view of parasitism as against avirulence. 

One of the characteristics of saprophytes as seen in the uncontrolled 
conditions of nature, is their ability to break down very complex into 
simple compounds, from which new life is constructed, the familiar 
organic decay, which constitutes an arc in the great carbon and nitrogen 
cycles. Complex chemical groupings such as the benzene and indol 
rings are torn to pieces, the imino grouping is vigorously attacked by 
saturation with water, and ammonia is pried loose from stable things 
like amines. In a general way parasites are more helpless, and more 
likely to thrive on nutriment a portion of which at least is predigested, 
and many of them are prone to leave untouched difficultly digestible 
morsels like the aromatic rings. Numerous exceptions to these propo- 
sitions can of course be cited, but they approximate the truth closely 
enough to be useful. 
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It will be noted in table 5 that the alcohols other than glycerol, and 
the organic acids used, are insufficient sources of carbon for the tubercle 
bacilli. They must have something more, preferably glycerol. They 
are thus at once set apart from the rest of this heterogeneous group, 
which use these substances to a varying degree. ‘Turning now to some of 
those characteristics of saprophytism just mentioned, we note that the 
complex imid-azol-propionic structure (histidine) is utilizable by smegma 
and grass bacilli as a source of carbon and useless to the others. Some- 
thing like the same separation can be made on the basis of the utiliza- 
tion of the nitrogen of the complex tryptophane (table 1). Uttiliza- 
tion of the creatinin imino nitrogen and abstraction of nitrogen from 
urea again place the smegma bacilli with the grass bacilli and both of 
them apart from the tubercle bacilli. By exclusion of these two ex- 
tremes, we have left the leprosy bacilli, provisionally so called, with due 
recognition of their insecure etiological status, and the bacilli of cold 
blooded animals. In their utilization of the carbonaceous portions of 
d-] alanine and leucine, these behave somewhat alike and more like the 
grass and smegma bacilli.than like the tubercle bacilli. In their less 
general utilization of propionic and lactic acid and ethyl alcohol as 
sources of carbon, they act more like the tubercle bacilli. In their ac- 
tion on creatinin they are again more like the grass bacilli. In their 
failure to use the carbonaceous part of histidine they behave similarly 
and resemble more the tubercle bacilli. 

From the above considerations it will at least be seen that the tubercle 
bacilli on the one hand and the smegma and grass bacilli on the other, 
fall rather readily into separate nutritional groups. The lepra and cold 
blooded animal bacilli have many points of difference from both of 
these and certainly a few nutritional factors in common. Tentatively 
they can perhaps be considered together as a third group. Finally it 
should be added that the distinction between human and bovine type 
tubercle bacilli has so far proved too subtle to be drawn on a nutritional 
basis. 
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THE DIETARY REQUIREMENTS IN PULMONARY 
TUBERCULOSIS 


WILLIAM S. McCANN 


From the Russell Sage Institute of Pathology, in affiliation with the Second Medical (Cornell) 
Division of Bellevue Hospital, New York City 


For a long time the conception of tuberculosis expressed by the popular 
term ‘‘consumption” has been the dominant one in determining the 
management of diets of phthisical patients. The rapid wasting, so 
characteristic of the disease, in the absence of certain knowledge as to 
its cause, was attributed to an abnormally rapid utilization of food and 
a consumption of body tissues in lieu of adequate amounts of food. It 
was but natural that one of the chief methods for combating the disease 
should have been a vigorous attempt to overfeed the patient. For some 
time, however, it has been evident to careful clinical observers that a 
regimen of overfeeding is not without danger and that it is frequently 
followed by disastrous results. In 1908 statistical data from many 
sanatoria, compiled by Irving Fisher (1), showed the wide variation in 
the practice of physicians as regards the dietary in pulmonary tubercu- 
losis. Since then, undoubtedly, the custom of overfeeding phthisical 
patients has declined, yet it is still probably very common outside the 
larger sanatoria. 

In 1919 it was decided to apply to this dietetic problem the methods 
of study of normal nutritional requirements. The first step was the 
actual measurement of the heat production of tuberculous patients in 
the Russell Sage calorimeter (2), to which data further observations 
made with a Tissot spirometer have been added. In this way it was 
possible to secure accurate information as to the actual amount of 
energy transformed by such patients in twenty-four hours, when at 
rest in bed. It was found that during afebrile periods the heat pro- 
duction was practically normal, according to the existing standards 
relative to height, weight, age, and body surface area. As the tempera- 
ture of the body rose there was found to be a variable increase in metabo- 
lism, which in general amounted to 30 per cent ‘when the rectal tem- 
perature was 104°F. (about 40°C.). It was noted that coughing and 
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dyspnea lead to additional expenditures of energy. A still further 
increase in heat production is due to the specific dynamic effects of the 
foodstuffs ingested, which is most marked in the case of protein (3). 
From the data obtained from 21 cases of active tuberculosis studied, the 
twenty-four hour basal heat production varied from 1350 to 2030 calories. 

One might estimate the probable energy requirement of such a patient, 
at rest in bed, somewhat as follows: 

1. Calculate the twenty-four hour heat production for a normal 
individual of the same sex, age, height, and weight. For this purpose 
one may use either the formulae of DuBois (4) (5), which is the method 
used by us, or the prediction tables of Harris and Benedict (6). The 
two methods give essentially the same results. 

2. Having estimated the basal heat production, if the afternoon 
temperature reaches 104°F., and if the patient has fever for only half the 
day, an increment of 15 per cent is added. If coughing is moderately 
severe, 5 per cent may be added. The usual allowance for the specific 
dynamic action of food, with ordinary mixed diets, is 10 per cent. When 
such calculations were applied to the individuals studied by us, the daily 
energy requirement was found to range from 1760 to 2640 calories 
while at absolute rest in bed, depending on the size of the individual 
and intensity of the febrile condition. 

Pulmonary forms of tuberculosis present a peculiar problem from the 
standpoint of the metabolism, which depends for its maintenance upon 
the respiratory functions of the lungs. Anything that increases the 
metabolism requires that the lungs furnish a greater oxygen supply to 
the blood for the tissues, receiving in turn from the blood a greater 
amount of carbon dioxide for elimination. This increased exchange 
of respiratory gases involves the breathing of greater volumes of air, 
which is accomplished either by increasing the rate of respiration, or 
by increasing the depth, or both. 

One of the earliest manifestations of pulmonary disease is the reduc- 
tion of the vital capacity. As the vital capacity becomes smaller, the 
limit to the amount of tidal air becomes proportionally reduced, so that 
in advanced cases the demand for an increased ventilation of the lungs 
must be met entirely by increasing the rate of breathing rather than the 
depth. The diminution of the vital capacity is probably in part due 
to reflex inhibition of the respiratory movements, and in part to ad- 
hesions, infiltration, and increased vascularity. In so far as it tends to 
prevent the distention of diseased alveoli, before the tissue barriers to 
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the disease are firmly established, it may be regarded as a protective 
mechanism. 

In view of these facts it seemed wise, therefore, to select such a diet 
as will make the least demand upon the respiratory mechanism. For 
this reason a study was made of the effects of the ingestion of the various 
foodstuffs upon the breathing volume (3). The effects of food ingestion 
on the metabolism has been extensively studied by Rubner and Lusk. 
As regards the effect upon the heat production in tuberculosis the results 
obtained were quite comparable with those obtained in normal indi- 
viduals. The greatest increase in heat production occurs in the case of 
protein, next, fat, and least of all with carbohydrates. Rubner found 
5.8 per cent of the energy of ingested glucose appeared as the energy 
of specific dynamic action. For fat he found 12.7 per cent, but Magnus- 
Levy found only 2.5, and Murlin and Lusk found 4.1 per cent (7). 

With protein and fat the effect upon the breathing volume is pro- 
portional to the effect upon the heat production. With carbohydrates 
the increase of breathing volume is large, and out of all proportion to 
that of metabolism. This anomaly is due to the fact that when the 
carbohydrates are metabolized the carbon dioxide elimination is greatly 
increased, although the oxygen consumption and heat production are 
but slightly altered. 

As an example the following may be taken: 

One hundred grams of glucose and 40.4 grams of fat yield about 375 
calories in the metabolism. One hundred grams of glucose yield 
146.6 grams of carbon dioxide on oxidation, whereas 40.4 grams of fat 
(tripalmitin) yield 112.5 grams. For one unit of heat produced from 
glucose there is a production of nearly 30 per cent more carbon dioxide 
than would have been evolved if the same energy had been obtained 
from fat. This carbon dioxide would necessarily act as a respiratory 
stimulant increasing the volume of the respired air. This effect would 
be superimposed upon any increase in the volume of respiration derived 
from the extra metabolism, due to the specific dynamic action of the 
foodstuff itself. The ingestion of 100 grams of cane sugar has been 
observed to increase the pulmonary ventilation 60 per cent (8). 

The ingestion of 70 grams of protein was found to increase both the 
metabolism and ventilation about 25 per cent (2) (3). The ingestion of 
1302 calories (140 grams) as fat produced an increase of only 12 per cent. 
The greatest number of calories may be obtained from fat with the least 
effect upon the volume of respiration. This is an interesting experi- 
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mental confirmation of the correctness of the older clinical writers, who 
on empirical grounds urged the importance of fat in the diet. . 

In the first report of our studies (2) attention was called to the large 
specific dynamic action of protein, and the suggestion was made that it 
might be well to limit the protein of the diet during the periods of activity 
of the disease, in order to keep the breathing volume as small as possible. 
An investigation was made to determine the smallest amount of protein 
which would maintain nitrogen equilibrium in tuberculosis (9). In 
some cases it was possible to maintain nitrogen balance, and even to 
retain nitrogen, when from 37.5 to 43.8 grams of protein were ingested. 
The attainment of nitrogen equilibrium with such a small amount 
of protein was dependent upon the ingestion of large amounts of carbo- 
hydrate and fat, sufficient to make the total caloric value of the diet 
from 1.7 to 2.4 times the energy requirement, as calculated from data 
of basal metabolism determinations. It will readily be seen that such 
diets would not be economical from the standpoint of pulmonary venti- 
lation, for though the heat production were increased but little by the 
protein the breathing volume would be greatly increased by the large 
amount of carbohydrate required. 

When diets were given containing from 60 to 90 grams of protein, 
positive nitrogen balance was achieved with a total caloric value of 
less than 1.7 times the energy requirement of the basal metabolism. 
When the protein of such diets is divided between three or four meals 
the specific dynamic effect is almost negligible. If the patient tolerates 
fat well, a diet may be taken which involves very little increase in re- 
spiratory function. It seems, therefore, that the optimal amount of 
protein is between 60 and 90 grams. 

It is well to emphasize the facts which have been demonstrated by 
Pearce (10), that not only the pulmonary ventilation varies with the 
metabolism, but that the circulation rate through the lungs varies in 
a similar manner. Theobservations of the effect of food uponthe metabo- 
lism become doubly significant when we are dealing with pulmonary 
cases with hemorrhage. 

A discussion of the diet in tuberculosis would be incomplete without 
mention of the mineral requirements. Balance experiments have been 
carried out by us, in which the simultaneous behavior of calcium, mag- 
nesium, phosphorus, and nitrogen excretion was observed. These 
experiments are very difficult to interpret, and for that reason will not 
be published until more data are obtained. Previous workers have 
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held, on rather meagre evidence, that there is a decalcification in tuber- 
culosis., As far as our own results are concerned, they seem to confirm 
the view that more calcium is required for the maintenance of equi- 
librium in tuberculosis than for normal men. This statement should 
be taken with caution and with reservations, until further work is done. 
Sherman (11) believes 0.45 gram per diem to be the minimal quantity 
of calcium for normal men. There can be no harm in giving two or 
three times this amount daily in the diet. It is. readily available in 
milk, or by the administration of a calcium salt such as the lactate. 

The steps by which our conception of the dietary requirements in 
tuberculosis have developed may be summarized as follows: 

1. Estimates of the total daily energy requirements of patients have 
been arrived at by determination of the basal heat production, making 
suitable additions for the effects of fever, food ingestion, and of coughing 
upon the metabolism. 

2. The difficult question of deciding upon the proper proportions in 
which the foodstuffs, protein, fat, and carbohydrate, should be combined, 
_ has been approached by a consideration of the close interrelation of the 
metabolism with the respiratory and cardiac functions. The aim has 
been to devise a diet, which will increase as little as possible the 

volume of respiration and the circulation rate through the lungs, in order 
to limit the functional demands upon an injured organ. 

a. High protein diets greatly increase the metabolism and conse- 
quently enlarge the demands upon the cardiorespiratory mechanism. 
They produce undesirable effects upon the digestive and excretory 
systems as well. 

b. While nitrogen balance may be attained on a low protein diet, 
this is only possible when the protein metabolism is spared by an ex- 
cessive ingestion of nonprotein food, chiefly carbohydrate. The 
effect of a carbohydrate-rich diet is to increase greatly the breathing 
volume. Fat, which is metabolized with the greatest economy of 
respiratory function, is not so efficient as carbohydrate in sparing protein. 
Most individuals have a limited capacity for utilizing fat. If fat is 
well tolerated, however, it is well to keep in mind the necessity of main- 
taining a sufficient supply of carbohydrate to prevent the development 
of acidosis. Shaffer (12) has collected evidence to show that one mole- 
cule of glucose is necessary for the complete oxidation of acetoacetic 
acid, or one molecule of any higher fatty acid or amino-acid which 
yields one molecule of acetoacetic acid in the metabolism. Woodyatt 
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(13) has explained the methods of calculating the balance between the 


ketogenic and antiketogenic factors in a diet. Using his methods one a 
finds that diets furnishing about 2500 calories, 60 to 90 grams of protein : 
and 200 grams of fat, would require about 100 grams of glucose or other 4 
carbohydrate to maintain Shaffer’s ratio. In this case about § of the i 


total calories would be derived from carbohydrate. It would be well 
to set § of the total calories as the minimum for the proportion of carbo- 
hydrates in the diet. . 
c. Satisfactory nutrition may be attained by the use of moderate z 
quantities of protein (60 to 90 grams per diem), with the use of fat up f 
to the limits of digestive capacity, and sufficient carbohydrate to bring 
the total caloric value of the diet to from 2500 to 3000 calories. Such 
a diet will produce the least demand upon the function of the damaged ‘ 
lungs. From the standpoint of diminishing the specific dynamic effects q 
of foods, there is an advantage in dividing the diet into more than three a 
meals. 
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THE INTRAVENOUS INJECTION OF CALCIUM CHLORIDE 
IN THE TREATMENT OF INTESTINAL. TUBERCULOSIS 


PAUL H. RINGER anp CHARLES L. MINOR 
Asheville, North Carolina 


That there has been no problem more baffling to the phthisiothera- 
peutist than that of the early diagnosis and treatment of intestinal 
tuberculosis, is a statement that will not be generally denied, and those 
of us who have occasion to see much of tuberculosis, especially of its 
enteric form, have hitherto felt a pessimism as to its cure that has been 
only too well justified. 

Those tuberculous patients who complain of indefinite digestive dis- 
turbances have usually been treated for dyspepsia, though too often they 
later showed symptoms so marked and persistent that a diagnosis of 
intestinal involvement was forced upon us. Yet even then we had no 
positive means of assuring ourselves of the correctness of our suspicion 
diagnosis until the palpation of a thickened cecum brought certainty, 
for bacilli in the stools are generally recognized to be an inadequate 
basis for diagnosis. 

Empiricism in medicine is always to be regretted, but an empirical 
remedy that is of aid to the patient, while it may not satisfy our desire 
to comprehend its workings, is nevertheless more valuable than one 
based upon sound scientific principles, but accomplishing no good. The 
administration of calcium chloride in tuberculous diarrhea is, we be- 
lieve, based on empiricism, but of its good effects there are at present 
many undeniable examples. It is our purpose briefly to set forth our 
results obtained in the treatment of thirty cases of tuberculous diarrhea 
by the more or less frequent injections of from 5 to 10 cc. of a 5 per cent 
calcium chloride solution. 

A word as to the nature of our cases. We have taken them as they 
came; and in many instances calcium chloride was used with no hope 
of beneficial results, but merely to try to give these unfortunates some 
relief. In a practice devoted mainly to the treatment of pulmonary 
tuberculosis, we naturally see intestinal involvement as a late devel- 
opment and frequently as a terminal phase. Thus in all but eight of 
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our cases (1, 8, 11, 15, 18, 23, 26, and 28) pulmonary involvement was 
very great. In sixteen cases (2, 5, 6, 9, 10, 12, 13, 16, 17, 19, 20, 21, 
22, 27, 29 and 30) it was so extensive as to preclude any possibility of 
recovery whether the intestinal condition became ameliorated or not. 
In two cases (11, 15) the diagnosis of: tuberculous diarrhea was very 
questionable. We have used calcium chloride, of course, in no sense as 
a curative agent, but merely as a palliative in an attempt to control the 
distressing symptoms of pain and diarrhea. 

In our work we have administered calcium chloride invariably by 
the intravenous route. We have no comment to make on the technique 
of injection, as it is in every way similar to the intravenous injection 
of any small quantity of fluid, save that great care must be taken 
that none of the solution escapes into the subcutaneous tissue, as 
it is very irritating, causes excruciating pain, and may set up an area 
of necrosis and gangrene. We have had but one severe reaction follow- 
ing injection, but we have always been careful to inject the solution 
very slowly indeed. A goodly percentage of the patients noted a strange 
feeling of heat, beginning in the throat and rapidly extending over the 
entire body; this sensation becoming evident after the injection of as 
little as 1 cc. of the solution. Two or three times, patients have com- 
plained of a feeling of faintness, but they were of the nervous type and 
would probably have reacted thus to any intravenous injection that 
necessitated a little time in its administration. We were never able 
to persuade ourselves that their feelings were in any way related to 
the calcium chloride as such. 

We have not adopted any definite interval between doses but have 
gauged the frequency of injection by the clinical symptoms. In the 
few patients to whom we have administered the drug over a consider- 
able period of time, we have gathered the impression that by continued 
and repeated use, it loses some of its efficacy, and as time goes on holds 
the symptoms in check over a gradually lessening interval. 

Table 1 shows the results we have obtained, and we propose now 
briefly to discuss a few of the most characteristic cases. 

Of these thirty cases, one received fifty-two injections (no. 1), one 
received fifteen injections (no. 18), one received eleven injections (no. 
16), one received seven injections (no. 8), one received six injections 
(no. 26), two received five injections (4 and 25), two received four in- 
jections (28 and 29), two received three injections (17 and 20), sixteen 
received two injections (2, 3,5, 6, 7,9, 10, 13, 14, 19, 21, 22, 23, 24, 27, 30) 
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and three received one injection (11, 12, 15). The three cases receiving 
one injection each included the two mentioned above in which a diagnosis 
of tuberculous diarrhea was very questionable, and the third case was 
in extremis. 

Of the sixteen cases receiving two injections each, thirteen (2, 5, 6, 
9, 10, 13, 19, 21, 22, 23, 24, 27, 30) showed absolutely no beneficial effects 
therefrom and the drug was consequently discontinued. Two of the 
patients receiving two injections each (3, 7) showed decided improve- 
ment, which has continued and consequently no further injections have 
been given. One patient (14), receiving two injections at an interval 
of two months, was relieved of all symptoms and has not needed another 
dose. 

The three cases receiving fifty-two, fifteen, and seven injections re- 
spectively (1, 18, and 8), deserve special emphasis for two reasons. In 
the first place they were under observation for a longer period of time 
than the others, and in the second place in two of them (1 and 8) 
pulmonary involvement was so slight as to play a negligible réle, while 
the intestinal symptoms were the dominant factor. In one case (1) 
bowel movements were reduced in number from five to one or two daily. 
Furthermore, prior to the administration of calcium chloride, a moderate 
amount of codeine had been necessary to reduce the movements to 
five daily and also to lessen the pain. Subsequent to the injection of 
calcium chloride, codeine was omitted and has since had to be taken 
only at rare intervals. The stools are also far better formed than for- 
merly, and their odor is decidedly less offensive. Calcium chloride was 
started twenty months ago. At first, the effects of an injection of 
5 cc. lasted apparently amonth. After the first three months, however, 
the bowel movements increased in frequency at the end of three weeks. 
It is now necessary to give calcium chloride every ten days in order 
to maintain a satisfactory intestinal condition, and the amount injected 
has been increased from 5 to 8 cc. The question arises whether the 
interval will have to be still further shortened and the dose still further 
increased, and whether in the end the beneficial effects of this drug will 
be lost. Time alone can tell. This patient has had the only severe 
reaction to calcium chloride that we have seen. It occurred some three 
months ago and consisted of a chill, coming on about four hours after 
the injection of 9 cc., fever to 102°F., severe abdominal pains and a 
profuse watery diarrhea. These symptoms passed off in forty-eight 
hours, and although many injections have been given since, they have 
never recurred. 
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The case having seven injections (8) is also most instructive. This 
patient came to us with slight, old, bilateral, quiescent, apical lesions, 
but having from three to five watery and foul stools daily, and suffering 
much abdominal pain. At the time of his arrival he was taking two 
grains of codeine daily by mouth to control both diarrhea and pain. 
Calcium chloride on the first injection wholly eliminated the pain, which 
never returned, and restricted the stools to from two to three daily, 
without the use of any codeine whatsoever. Injections were repeated 
at first every three weeks, later every two weeks. Despite the improve- 
ment in symptoms and in general comfort, this patient lost weight very 
slowly but uninterruptedly. Radiographs showed a decided hyper- 
motility in the cecum and ascending colon. The patient was referred 
to Dr. Brown of Saranac Lake, and to Dr. Archibald of Montreal, who 
has had the largest experience of anyone in the operative treatment of 
these. cases, and, our diagnosis being corroborated, the abdomen was 
opened with the intention of doing a resection of the involved area. At 
operation, however, there was found, in addition to colonic tuberculosis, 
an extensive involvement of the small intestine, this rendering the case 
inoperable so far as eradication of the disease was concerned. Sub- 
sequently, the patient lost steadily and finally died. 

The patient receiving fifteen injections (18) presented rather marked 
pulmonary signs, but was not acutely ill. From the start, in August, 
1920, calcium chloride acted very well, reducing bowel movements and 
controlling pain. He has taken his injections, never over 6 cc., at in- 
tervals of about a month. His bowel condition is excellent and he went 
to New Mexico a few days ago in the hope that that climate would bene- 
fit his puimonary condition, which has remained stationary. 

One. of the cases receiving five injections (4) has suffered, in addition 
to the symptoms due to a very extensive but not too active unilateral 
lung involvement, from repeated, so to speak, “‘explosive,” attacks of 
diarrhea accompanied and followed by abdominal distress, hardly 
amounting to actual suffering but none the less very disturbing to the 
patient. Calcium chloride aided greatly in lessening diarrheal attacks, 
and also almost completely dispelled abdominal pain. Injections were 
given every two weeks. The patient left Asheville and returned to his 
home in Ohio, where we hear he is holding his own. We do not know 
whether the administration of calcium chloride has been continued. 

The other case receiving five injections (25) has done and is doing 
exceedingly well. Bowel movements have been reduced and pain has 
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been abolished. Appetite and digestion have greatly improved. This 
case is using the Alpine lamp and is also being treated with artificial 
pneumothorax. From a desperately ill girl, she has been transformed 
into one whose outlook is distinctly bright. 

We are daily learning more about the frequency and symptomatology 
of intestinal tuberculosis. The signs point to a time that will come as 
a result of more refined diagnostic methods and more radical and cura- 
tive surgery, when intestinal tuberculosis will emerge from the position 
that laryngeal tuberculosis occupied twenty years ago (and from which 
it has now graduated) as one of the hopeless forms of tubercle. To-day, 
however, intestinal tuberculosis must be regarded as a very serious, 
though not altogether hopeless, complication, and one that in the vast 
majority of instances presages a fatal outcome. The misery and dis- 
tress of these patients is known to all of us. If we have at our command 
a remedy that will palliate, though it will not cure, we must use it. 

The work of a number of men in recent years, beginning with Stier- 
lin in Germany and crystallizing in the recent papers of Brown and 
Sampson in this country, gives us the hope of a discovery of a positive 
means of diagnosing tuberculous enteritis, though not as early a means 
as we could wish, and in a certain number of cases their work and that 
of Archibald would seem to indicate that surgery may yield a small 
number of cures. Meantime, we all of us are sadly put to it to find some 
theraupeutic measure that will help us to palliate if not to cure such a 
trouble. Hence the work of several Swedish physicians, showing that 
the intravenous injection of calcium chloride, would control the diarrhea 
and relieve the pain is gladly welcomed. 

Our limited experience, and that of others, has convinced us that in 
calcium chloride we have a remedy, which will frequently palliate and 
relieve, and which, when we can diagnose our cases early, may even 
possibly prove curative. The results we have here presented are’ not 
brilliant, but, based though they are on a relatively small number of 
cases, their significance is such as to encourage us in the further use of 
the drug, feeling as we do that we have prolonged the lives of some, made 
others far more comfortable by the use of this method of treatment, 
and consequently that it should be given a fair trial by those who see 
enough of such cases to enable conclusions to be drawn as to its value. 

At the same time it is to be hoped that the reason for its good effect 
can be worked out in our pharmacological laboratories, so that we can 
understand why we get results. Might we also suggest to those who 
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have opportunity for investigation, that there are few problems in 
phthisiotherapy to-day more important than that of the early diag- 
nosis and successful rational treatment of intestinal tuberculosis, and 
that he who is so fortunate as to make discoveries in this realm will be 
doing much to deprive of its terrors one of the most painful and dis- 
tressing of human maladies. 
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STUDIES ON THE RESPIRATORY ORGANS IN HEALTH 
AND DISEASE 


IV. A COMPARISON OF VITAL CAPACITY READINGS AND X-RAY 
FINDINGS IN PULMONARY TUBERCULOSIS! 


J. A. MYERS 
From the Depariment of Internal Medicine, University of M: innesota, Minneapolis 


One of the very valuable aids we have to-day in the diagnosis of active 
pulmonary tuberculosis was called to the attention of the medical 
profession by John Hutchinson just three-quarters of a century ago. 
After inventing the spirometer Hutchinson (in 1846) took vital capacity 
readings on nearly two thousand men whom he later classified according 
to weight, height and age. He thus established a normal lung capacity 
for men of certain classes of given age and size. ‘The chief object of 
Hutchinson’s investigation, however, was to contribute a method of 
detecting disease. He therefore set to work to make a comparison of 
the vital capacity of healthy men with that of diseased men of the same 
size and age. In a series of cases of pulmonary tuberculosis (early 
stage) he found the mean vital capacity to be 2441 cc. instead of 3670 cc. 
in normal individuals of the same size and age. In another series 
(advanced stage) the mean vital capacity was 1360 cc. instead of 3605 cc. 
fornormalmen. Hutchinson’s cases are so striking that it is impossible 
to refrain from quoting a few of them: 


A surgeon called upon me when in full practice; he looked in perfect health, 
and said he was so. I measured his vital capacity and found it to be 100 cubic 
inches below the healthy standard; four months afterward I heard he was ill, 
and that ausculation had given evidence of phthisis pulmonalis; a few months 
afterward he died of that complaint. This gentleman looked so remarkably 
well when I first examined him, that I was led to doubt the extent of reliance 
to be placed upon the spirometer, but the result entirely removed the doubt. 


Another gentleman, holding an elevated position under Government, 
manifested great deficiency of vital capacity, and that too, when performing 
his duties; but within four months his death took place, and extensive tubercu- 
lar disease was found in the lungs. 


1 Read in part before the Clinical Section at the Seventeenth Annual Meeting of the 
National Tuberculosis Association, New York City, June 16, 1921. 
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A young man of 11 stone, and 5 feet and 7 inches high, firm and muscular; 
his vital capacity was 47 cubic inches below the mark. Within one week of this 
time I had an opportunity of examining his lungs, and found the left lung 
at the apex studded with miliary tubercles, the whole not extending beyond a 
square inch, the entire remaining portion was to all appearances healthy. 


In 1918 Garvin, Lundsgaard and Van Slyke reported the results of 
studies on 31 adult men suffering from pulmonary tuberculosis. In 
their 9 incipient cases the vital capacity was found to be diminished as 
a result of an increased residual air. In 22 moderately advanced cases 
“the vital capacity was substantially decreased, principally as a result 
of the diminished total capacity.”” In the same year these authors also 
reported the results of studies on 20 adult women suffering from pul- 
monary tuberculosis. Of the 8 women with incipient tuberculosis the 
vital capacity was somewhat decreased due to the increased residual air. 
In the 12 moderately advanced cases the vital capacity was materially 
decreased. Although only 51 cases were studied, this work was done 
and presented in an excellent manner. 

The first report of another very thorough-going study of vital capacity 


in pulmonary tuberculosis was made in June, 1920, by Dreyer and 
Burrell. They reported the results of studies on 200 cases. In 116 
of these cases the vital capacity was taken on more than one occasion. 
The conclusions of the authors are as follows: 


1. In cases of pulmonary tuberculosis there is a definite decrease in vital 
capacity as compared with what should be normal for any individual, taking 
into account the class in which this individual should be placed according to 
occupation and mode of life. 


2. An improvement in the clinical condition of the patient is found to be 
accompanied by an increased vital capacity, while an advance of the disease 
results in a decrease in vital capacity. The vital capacity, therefore, gives a 
valuable quantitative measure of the benefit, if any, which a patient receives 
as a result of treatment. 


3. The determination of the vital capacity is useful for the classification 
of cases of pulmonary tuberculosis, because it is possible by this means numeri- 
cally to express the injury to health (e.g., degree of toxemia) which otherwise 
would depend on the individual interpretation of physical signs by different 
observers. In this connection it should be noted that classification by physical 
signs alone may place a patient nearing death from an acute lesion in a high 
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category, while another patient, with satisfactory fibrosis and extensive 
cavitation, likely to live for several years, may be placed in the lowest category. 


4. As an aid to diagnosis a single or repeated examination of the vital 
capacity of doubtful cases will also prove useful. If a normal vital capacity 
is found in such cases, the patient is most unlikely to be suffering from pul- 
"monary tuberculosis, whereas, if the vital capacity is much decreased the 
patient should be suspect, though it must always be borne in mind that 
other diseases may also cause a lowering of the vital capacity. 


5. Finally, a systematic study of the vital capacity in its proper relation- 
ship to body size has given important information as to the beneficial effects 
of different treatments of pulmonary tuberculosis, and has made it possible to 
distinguish quantitatively the degrees of improvement. 


Wittich, Myers and Jennings (1920) reported the results of observa- 
tions on 82 tuberculous patients. This series includes both women 
and men. The 20 cases with stage I disease showed a vital capacity 
considerably below the normal. The vital capacity was markedly 
decréased in the stage II and III cases. In 24 cases a second series of 
readings was taken, three to six months after the first readings and the 
results were as follows: 


Of the 9 cases whose physical signs caused them to be reported in worse 
condition, eight showed all three constants indicating progressive disease, 
while readings for the ninth would suggest stationary or slight improvement. 
Of the eight cases whose clinical reports were disease stationary, the vital 
capacity blown in every instance indicated a slightly worse condition. Of the 
seven cases whose reports were condition improved, the measures of only two 
confirmed such report, and five showed constants pointing toward a stationary 
or slightly progressive disease. 


OBSERVATIONS 


This study includes a series of 101 cases (48 male and 53 female), 
some of which appeared for examination because of certain symptoms, 
definite exposure or previous diagnosis of pulmonary tuberculosis, while 
others had recently been diagnosed as cases of frank pulmonary tuber- 
culosis and were referred for sanatorium treatment. In each case a 
careful history was taken and a physical examination of the lungs was 
made. 
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The actual weights of the individuals are net, while the given height 
is without shoes. For ascertaining the normal (theoretical) weight 
the Tables of Standard Weight According to Height and Age of the Pruden- 
tial Insurance Company of America were used. Inasmuch as the weights 
in these tables are not net the weight of clothing was deducted according 
to the method of Quetelet mentioned by Hutchinson (1846). The trunk 
length was taken in the manner described by Dreyer (1919), and Dreyer’s 
tables (1921) were also used in ascertaining the theoretical normal 
weight of the patients. The graphic chart of DuBois and DuBois was 
used exclusively in obtaining surface area. 

The lung capacity was taken with the water spirometer made accord- 
ing to the specifications of Peabody and Wentworth (1917). Each 
patient was first instructed as to the use of this instrument, then given 
at least three trials and the highest reading was recorded. 

Before Dreyer’s tables were available the writer made a table in which 
the normal vital capacities for women were calculated according to 
‘ ee = K. The value of K was ascertained from 
actual observations on 138 nurses, studied and reported by West (1920) 
and Myers (1921). This value was found to be approximately 0.85. 
In the present study the normal vital capacities for women were taken 
from this table and used in the calculations of the lung capacity percent- 
ages. In the case of men the normal weight was ascertained from the 


table of the Prudential Life Insurance Company and the normal vital 
4:5 


Dreyer’s formula 


capacity was calculted from Dreyer’s formula, oe = vital capacity. 


Dreyer and Burrell (1920) pointed out ‘‘that with loss of weight a 
vital capacity definitely abnormal, when calculated in relation to the 
normal weight of the person, might appear normal if calculated in 
relation to the reduced weight during disease.”” Inasmuch as many 
tuberculous patients are more or less emaciated while a few are over- 
weight, particuiarly during or after sanatorium treatment, the trunk 
length was taken in most cases; and Dreyer’s tables (1921) were used in 
ascertaining the normal vital capacities calculated according to the trunk 
length. 

The physical fitness percentage was calculated first from Dreyer’s 
surface area formula (the normal weight being taken from the Prudential 
Life Insurance Table) and second from Dreyer’s stem length formula. 
The amount of air exhaled per square meter of body surface was also 
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computed. The actual weight of the patient was used in making this 
calculation. In each case, therefore, the physical fitness percentage 
was calculated according to the above three methods. The average of 
the three is presented in table 1 as the physical fitness of each individual. 

Frequent fluoroscopic examinations were made, in order to obtain 
such information as the excursion of the diaphragm; but in the diagnosis 
of early disease no dependence whatever was placed on this instrument. 
Stereoscopic X-ray plates were made in all cases (with one exception in 
which a single plate was made) and in order to secure uniformity nearly 
all the plates were made by the same roentgenologist.? 

The patients were grouped as (1) suspected cases, in which lung capac- 
ity readings and X-ray findings were approximately normal, (2) cases of 
peribronchial tuberculosis and (3) cases of parenchymatous tuberculosis. 
The second and third groups were again divided into unilateral and 
bilateral cases, and arranged in the order of extent of lesions revealed by 
the stereoscopic plates. 

The first group includes 12 patients (6 women and 6 men) who came 
in for examination because of definite exposure, rapid loss of weight and 
strength, slightly streaked sputum or a previous diagnosis of active 
pulmonary tuberculosis. In most of these cases the vital capacity was 
found to be within normal limits. In order to confirm these findings, 
however, stereoscopic plates of the chest were made. In each case 
such plates showed no evidence of pathological changes. 

Case St. 4 showed a lung capacity which was approximately 17 per 
cent below the normal. This patient has been under observation for 
several months and nothing has been discovered to account for her 
reduced capacity, except that she is 15 per cent overweight. Obesity 
is a factor, which as Hutchinson pointed out, tends to reduce lung capac- 
ity. Case St. 8 has a lung capacity reduced 15 per cent below the normal. 
While such a reduction closely approaches the border line between the 
normal and the diseased individual, the X-ray plates and physical 
findings revealed nothing to account for the decrease in this case. 

In the small series of 12 cases, one patient was given a diagnosis of 
active pulmonary tuberculosis a few months ago while three other 
patients were not only given a diagnosis of active pulmonary tuber- 
culosis, but were reported and sent to a sanatorium. 


2I desire to express my thanks to Doctors R. G. Allison and R. E. Morse for their aid 
and codperation in the interpretation of the stereoscopic plates. 
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There are 20 patients in the second group (10 men and 10 women) 
who came in because of one or more of the following reasons: slight 
cough or expectoration, a generally run down condition, occasional chest 
pain, slight hemoptysis, or frequent “‘colds on the chest.” The vital 
capacity in these cases was found to be normal or slightly below. Never- 
theless, stereoscopic plates revealed unilateral or bilateral peribronchial 
infiltration. 

Stereoscopic plates of the 10 women showed peribronchial tubercu- 
losis on one side in 7 cases and on both sides in 3 cases. In some cases 
this was small while in others it was large in amount. 

The lung capacity in this series of women ranged from 82 per cent to 
104 per cent of the (theoretical) normal. There was only one patient 
as low as 82 per cent. 

In the series of 10 men, stereoscopic plates showed all but one to have 
unilateral peribronchial tuberculosis. The lung capacity of the entire 
series ranged from 76 to 112 per cent of the (theoretical) normal. The 
patient (T. 12) whose lung capacity was 81 per cent of the normal is 
a Filipino who gave a history of having had a chronic disease (not tuber- 
culosis) in childhood which evidently interfered later with his nutrition 
and development. ‘This patient now weighs 88 pounds which he asserts 
is as much as he ever weighed. Physical examination of this man’s 
chest revealed no evidence of active pulmonary tuberculosis, while the 
stereoscopic plates showed only a slight peribronchial infiltration in 
the left upper lobe. 

In case T. 11 (a Hindu medical student) the stereoscopic plates showed 
a slight peribronchial tuberculosis in the left apex with marked emphy- 
sema in the base of each lung. The lung capacity was found to be 76 per 
cent of the normal. The emphysema undoubtedly contributes largely 
to the decrease in lung capacity in this case. 

Case T.13 had a lung capacity 18 per cent below the normal. The 
physical examination was negative and the stereoscopic plates showed 
only a slight peribronchial infiltration in the first interspace. Never- 
theless this patient was in a marked state of debility and two weeks 
later developed a psoas abscess. 

In the cases of mild peribronchial tuberculosis, many were permitted 
to continue their activities with the understanding that they lead a 
well regulated life. Frequent subsequent lung capacity readings have 
been found of great aid in ascertaining the patients’ ability to work in 
spite of the disease. The question sometimes arises as to whether every 
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patient whose X-ray plates reveal tuberculosis of the peribronchial type 
should be sent to a sanatorium. Of course this is at present a physical 
impossibility because of the limited capacity of our sanatoria. Is there 
any more reason, however, why these patients who show and maintain 
a physical fitness well within normal limits under work should be sent 
to a sanatorium than that every person without symptoms who gives 
a positive tuberculin test should be? In this small series of cases, 
patients have been found in the sanatorium who give no history of having 
any cardinal symptoms of tuberculosis, and the physical fitness is ap- 
proximately 100 per cent, yet the X-ray plates show slight evidence of 
peribronchial tuberculosis. Such procedure is unfair to thousands of 
patients with active tuberculosis who really need sanatorium care. 

There are 69 cases (37 female and 32 male) in the third group. Most 
of the cases in this group came in with one or more of the cardinal symp- 
toms of pulmonary tuberculosis, while physical examination revealed 
evidence of disease. The majority of the moderately advanced and far 
advanced cases showed a reduction in lung capacity, which corresponded 
reasonably closely with the extent of the lesion interpreted from the 
stereoscopic plates. However, in a few cases the plates revealed evi- 
dence of extensive bilateral tuberculosis with cavitation, while the lung 
capacity was within 70 per cent or more of the normal. In a few other 
cases the lesions appeared very small while the lung capacity was much 
reduced. 

Of the 37 women in this group, the stereoscopic plates revealed paren- 
chymatous tuberculosis only on one side in 20 cases. The amount of 
disease ranged from a very small area to that which involved a whole 
lung; and in one case the diseased lung was completely collapsed by 
artificial pneumothorax. 

The lung capacity in this series ranged between 42 and 103 per cent 
of the normal. Stereoscopic plates of the patient whose lung capacity 
was reduced to 42 per cent revealed tuberculosis with cavity formation 
on the left side to the fourth rib. The right lung showed some peti- 
bronchial thickening in the upper lobe, but was free from parenchyma- 
tous involvement. In the patient whose lung capacity was 103 per 
cent, the stereoscopic plates revealed tuberculosis in the first and second 
interspaces on the right side. However, this patient had been in the 
sanatorium three months, when her lung capacity was taken. 

Another case, almost identical with the last one so far as X-ray plates 
are concerned, had a lung capacity reduced to 61 per cent of the normal. 
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Stereoscopic plates of the remaining 17 women in the third group 
showed evidence of bilateral parenchymatous tuberculosis. The extent 
of the disease ranged from a very slight lesion on each side to disease 
which involved the greater part of both lungs. 

The lung capacity in this group ranged between 26 and 108 per cent 
of the normal. 

Of the 32 men with parenchymatous tuberculosis the stereoscopic 
plates showed unilateral disease in 11. The lung capacity ranged from 
81 to 119 per cent of the normal. The patient with 119 per cent devel- 
oped active tuberculosis early in 1918, and was sent to a sanatorium for 
treatment. After nearly a year of treatment this patient returned to 
work and has suffered no relapse. Although his lung capacity is very 
good the stereoscopic plates still show definite tuberculosis in the extreme 
apex of the right lung. In the remaining 21 men the X-ray plates show 
parenchymatous tuberculosis on both sides. The lung capacity ranged 
from 36 to 115 per cent. 

In this study, it was very fortunate that, in a few persons who were 
or had been students in the University of Minnesota, lung capacity 
records taken when they were college freshmen were still available in 
the department of physical education. 

For example, case T. 67 showed a lung capacity of 4400 cc. while his 
theoretical capacity was only 4453 cc. Apparently there was no impair- 
ment; but the patient gave a history of previously having taken a con- 
siderable part in athletics; therefore, the question arose as to whether 
the patient had not overdeveloped his lung capacity. On examining 
his record taken by Professor L. J. Cook two years before, it was found 
that he had a lung capacity of 4978 cc. Therefore, this patient’s actual 
lung capacity was reduced and the X-ray examination revealed evidence 
of very definite parenchymatous involvement in the left upper lobe. 

Another similar case is that of a young lady (T. 41) who came in with 
cardinal symptoms of active pulmonary tuberculosis and showed 
physical signs of minimal disease. Her actual lung capacity was 2400 cc. 
while her normal (theoretical) capacity was 2966cc. From Doctor 
Anna Norris’s office in the Department of Physical Education it was 
found that this patient had a lung capacity of 2800 cc. in April, 1920. 
Inasmuch as the stereoscopic plates revealed evidence of early tubercu- 
losis in both lungs, one could feel reasonably sure that this is the cause 
for the recent decrease in lung capacity. 


4] 

4 

q 


892 J. A. MYERS 


In another patient (T.75) the lung capacity was found to be approxi- 
mately the same as his theoretical capacity, yet X-ray plates showed 
definite parenchymatous tuberculosis in both upper lobes. The records 
in the department of physical education showed that eight months 
previously his capacity was nearly 400 cc. below the present capacity. 
It would appear, therefore, that his condition may have improved 
considerably during the last eight months. Further observation, 
however, may throw more light on this case. 

In many of the sanatorium cases a second reading has been taken 
since the diagnosis was recorded. These subsequent readings are very 
valuable in that they throw much light on the manner in which the 
patients are responding to treatment. In one case the first examination 
showed a lung capacity of 2550 cc., while the second reading taken after 
three months of postural rest in a sanatorium revealed a decrease of 
350 cc. On the other hand, case T. 29 had a lung capacity of 1900 cc. 
on first examination, but after three months of sanatorium treatment 
her capacity had increased 900 cc. Other similar observations lead one 
to conclude that the lung capacity test is at least as valuable as X-ray 
examination in following the results of treatment. Moreoever, spirom- 
eter readings are more easily and much more cheaply obtained. 

There is no small individual variation in vital capacity. It depends 
upon many factors, such as physical development, occupation, national- 
ity and age. Therefore, lung capacity readings in any given case are 
of greater significance when the individual’s normal has previously 
been established by actual observations, at a time when that individual 
was in good health. Any subsequent deviation of more than 15 per cent 
from that normal is significant. It is only when this deviation is below 
the normal, however, that it becomes of clinical significance. 

Our present methods of calculating a person’s normal capacity are 
based on averages taken from actual observations. on a number ‘of 
individuals, from surface area formulae, etc. While these methods are 
reasonably accurate, they cannot be applicable in every case. In the 
case of T. 78, the patient was found to be definitely tuberculous, yet his 
lung capacity was 115 per cent of the normal. Inasmuch as this patient 
had previously played a wind instrument quite extensively over a period 
of a few years, we infer that his usual lung capacity is much beyond that 
observed. On the other hand, case T.12 showed a lung capacity de- 
creased to 81 per cent, yet the complete examination revealed nothing 
more than a slight peribronchial infiltration in the left lower lobe. 
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Inasmuch as this patient is a native of the Philippine Islands, and claims 
to have had a chronic disease in childhood which materially interfered 
with his subsequent nutrition and development, we infer that this 
individual has never had a lung capacity as high as his theoretical normal. 
In the last two cases cited our inferences may be correct, but we have 
no way of proving them. 

In many colleges and universities, as well as in the public schools of 
some of our great cities, the lung capacity becomes a part of the perma- 
nent record of each enrolled student. This is indeed a very laudable 
procedure and deserves to be more generally adopted. Industrial 
organizations will find it well worth while to record the lung capacity of 
every employee on admission. In such cases disease may be detected 
which might otherwise remain undiscovered. Subsequent readings will 
be found of great value in the detection of early disease, or in ruling out 
disease of clinical significance which an individual may claim to have 
contracted as an employee. 


CONCLUSIONS 


To draw any sweeping or final conclusions from observations on such 
a small number of cases is indeed hazardous. However, the following 
conclusions appear to be justified: 

1. In cases suspected of having pulmonary tuberculosis the lung 
capacity test is very valuable in diagnosis. If there is a reduction of 
more than 15 per cent, it is usually of clinical significance: however, 
other pulmonary and cardiac diseases may cause such a decrease. In 
view of these facts the spirometer is not sufficient in itself, but stereo- 
scopic plates are usually necessary, and in many cases further tests and 
examinations must be employed. 

2. There is considerable individual variation in normal lung capacity 
on account of such factors as occupation, mode of living, past physical 
training and development. Therefore, spirometer readings are most 
valuable in a person whose normal capacity has been established by 
actual observation at some time when that person was in good health. 
Otherwise, the reading might appear normal or even above, and still 
be reduced several hundred cubic centimetres. In all questionable 
cases X-ray plates are indispensable. 

3. In cases of peribronchial tuberculosis, X-ray plates are usually 
necessary in diagnosis, since in many such cases the lung capacity is 
well within normal limits. 
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4. In parenchymatous tuberculosis the lung capacity test is valuable 
in ascertaining the severity of the lesion when other factors are excluded. 
It is not so valuable in determining the extent of the disease, for a very 
small severe lesion may reduce the lung capacity in one case more than 
occurs with a low grade extensive lesion in another case. Therefore, 
X-ray plates are more valuable in outlining the extent of the disease. 

5. In some cases of fairly extensive fibrous and calcified tuberculosis 
the lung capacity is within normal limits. However, in most cases it is 
sufficiently reduced to indicate impairment of function if the disease 
is of clinical significance. 

6. The most valuable service of the spirometer is in following the 
course of disease after the diagnosis has been made. This instrument 
registers an increase in capacity from time to time, as the disease comes 
under control. On the other hand, a decrease is registered in those cases 
that become progressively worse. For this particular work the spirom- 
eter is of more service than the X-ray; and the readings are more easily 
and more cheaply obtained. 

7. The spirometer measures the ability and power of the lungs to 
function, while the X-ray records the nature and extent of the disease. 
Therefore, each has a different part to play. Neither one is infallible, 
but both are very valuable. ~ 


The Hennepin County Tuberculosis Association of Minneapolis made this work possible 
by establishing and supporting a research fellowship in the University of Minnesota. There- 
fore, I wish to express by indebtedness to this Association. 

I am also deeply indebted to Doctors E. S. Mariette, F. L. Jennings and H. T. Boquist 
of the Glen Lake Sanatorium, and to Doctor W. J. Marcley of the Hopewell Sanatorium 
and Thomas Hospital, for their splendid coéperation and valuable aid in the accumulation 
and compilation of the data used in this paper. 
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TABLE 1 


Classified results of observations 


SEX AGE 


PHYSICAL FITNESS 


Suspected cases 


WD 


Female 
Female 
Female 
Female 
Female 
Female 
Male 
Male 
Male 
Male 
Male 
Male 


per cent 


99 
113 
91 
82 
94 
90 


118 
85 


Peribronchial tuberculosis 
Unilateral 


T. 
‘Ee 


Female 16 
Female 21 
Female 23 
Female 31 
Female 20 
Female 21 
Female 18 


Bilateral 


Female 
Female 
Female 


Unilateral 
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NUMBER | | 
q St. 21 
St. 28 
St. 22 
St. 40 
j St. 28 
St. 33 
St. 19 104 
St. 20 
j St. 19 
St 25 101 
sf 27 122 
: St 48 101 
1 82 
2 104 
q 3 101 

4 106 
5 99 
4 6 94 
7 95 
T.8 20 101 
T.9 21 87 
: T. 10 24 102 
4 11 Male 20 76 
12 Male 31 81 
13 Male 33 82 
q 14 Male 33 101 
15 Male 25 112 
j 16 Male 22 93 
E 17 Male 20 89 
4 18 Male 24 82 
E 19 Male 22 85 
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TABLE 1—Continued 


897 


| PHYSICAL FITNESS 


Bilateral 


Male 25 


per cent 


110 


Parenchymatous tuberculosis 
Unilateral 


Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 


T. 
T. 
T. 


Bilateral 


Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 
Female 


| 
NUMBER | SEX | AGE P| | 
T. 20 = 
21 20 100 | 
22 19 74 
23 29 80 
24 38 102 
25 33 82 
26 14 73 
27 17 85 
28 22 67 
29 29 64 
30 18 103 
31 21 88 
32 40 85 
33 20 79 
34 22 42 
35 28 86 
36 21 86 
37 26 75 
38 24 79 
39 27 71 
40 24 48 
T. 41 20 80 
T. 42 30 90 
T. 43 33 108 
T. 44 25 78 : 
T. 45 14 52 
— 26 64 
T. 47 21 81 
T. 48 30 86 
T. 49 25 43 
T. 50 29 54 
T. 51 24 58 
T. 52 25 63 
T. 53 20 67 
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TABLE 1—Concluded 


AGE PHYSICAL FITNESS 


Bilateral—Concluded 


per cent 


Female 45 61 
Female 25 65 
Female 51 60 
Female 37 26 


Unilateral 


T. 


- Bilateral 


Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
Male 
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NUMBER | SEX | 

T. 54 

T.55 

T. 56 

T.57 

F 58 Male 27 81 
: 59 Male 28 96 
4 60 Male 30 119 
. 61 Male 24 94 
4 62 Male 23 78 
4 63 Male 24 88 
64 Male 38 89 
; 65 Male 22 92 
E 66 Male 35 88 
: 67 Male 22 99 
4 68 Male 25 98 

69 29 53 
: 70 23 98 
‘ 71 40 93 
4 72 35 82 
a 73 22 81 
4 74 22 84 
75 18 101 
76 45 80 
4 77 26 88 
5 78 21 115 
79 24 60 
4 80 21 83 
81 38 36 
4 82 22 46 
4 83 38 69 
j 84 58 78 
85 36 50 
q 86 42 59 
87 26 49 
q 88 27 50 
; 89 17 39 


THE GRIFFITH METHOD FOR THE DIRECT ISOLATION 
OF TUBERCLE BACILLI 


HAROLD W. LYALL 
R. B. Mellon Laboratory of the Tuberculosis League of Pitisburgh 


Uncertainty of successful results in the majority of methods proposed 
for direct isolation of tubercle bacilli from sputum and other fluids or 
excreta has led to a general feeling that the most reliable procedure is to 
resort to inoculation of animals, with subsequent isolation from the tissues 
at autopsy. Objections to this procedure are that possible changes in 
virulence or growth characteristics may occur in the organisms as a 
result of animal passage and, also, the length of time required before 
final isolation in pure culture. In the usual direct methods the manipu- 
lations involved favor the chance of contaminations. A method 
which was at the same time simple and uniformly successful would be 
welcome. That proposed by Petroff (1) constituted a step forward, but 
did not greatly reduce the manipulations necessary and, without the use 
of gentian violet medium, did not yield as high a percentage of non- 
contaminated tubes as could be desired. 

In 1914 and again in 1916, Griffith (2) (3), in articles dealing with 
types of tubercle bacilli found in sputum, made brief note of a method 
which he was using for the direct cultivation of his strains. The sim- 
plicity and reliability of the method, and the fact that it did not seem to 
have become generally known, made it appear to warrant further in- 
vestigation. As described by him, equal parts of sputum and 10 per 
cent antiformin were mixed by shaking or stirring in a test tube, and a 
loopful of the mixture, after it has become partly liquefied, streaked 
directly onto suitable media. ‘There was thus no sedimentation or wash- 
ing, which is ordinarily thought necessary to overcome the inhibitory 
effect of the antiformin. In this way Griffith obtained cultures from 
26 out of 31 specimens. 

In the present investigation, essentially the same technique was used. 
Although previous work had shown that successful results could be ob- 
tained when the final concentration of antiformin was as low as 2.5 per 
cent, the greater number of contaminated tubes made it seem advisable 


to use the higher strength. 
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Sputum, preferably the early morning specimen, used for culturing, 
was collected in a sterile petri dish, but no further precautions, such as 
washing the specimen, were taken. Equal parts of sputum and 
10 per cent antiformin by volume are mixed in a stoppered agglutina- 
tion tube. About 2 cc. is a convenient amount. This is measured by 
rough graduations on the tube, rather than by attempting accurate 
measurement with a pipette. The mixture is well shaken and cultures 
made at the end of five minute intervals from five to thirty minutes. 

The following media were used at different tinies during the work: 
(1) plain egg, original Dorset formula, (2) 1 and5 percent glycerin egg, (3) 
liver-egg (four parts egg to one of fresh calf’s liver infusion), (4) liver- 
egg with 5 per cent glycerin, (5) egg medium with 1 per cent inulin, and 
(6) egg medium prepared according to Petroff’s formula but without 
gentian violet. No dye was incorporated in any of the media, because, 
it was desired primarily to test the reliability of the technique, as judged 
by the number of uncontaminated pure cultures obtainable. 

The liver infusion is prepared in essentially the same manner as 
ordinary beef infusion. Five hundred grams of finely chopped fresh 
liver (calf or beef) are soaked over night in the cold with 1000 cc. of tap 
water. The next morning the infusion is brought slowly to the boiling 
point, boiled for five minutes, and then filtered through paper. The 
use of liver suggested itself from the author’s favorable experience with 
the ordinary liver agar (Dopter) for the cultivation of meningococci and 
gonococci. At that time it was found that the usual stock strains of 
tubercle bacilli grew luxuriantly on such a medium. It was hoped that 
with a large series of cases cultured at the several intervals, some one 
interval could be shown to be the most favorable for routine procedure, 
and thus still further simplify the method. Unfortunately, this did 
not prove wholly true. The several media were used forcomparison with 
the liver medium, which constituted a slight modification of the vafious 
media at present generally used for the cultivation of the tubercle 
bacillus. 

A total of 56 separate cases was cultured. The number of tubercle 
bacilli in stained smears of sputum used for cultures varied from those 
containing innumerable organisms to the microscopic field to sputum in 
which no acid-fast organisms could be found on the slide examined. The 
majority of specimens showed from one to ten bacilli to the field. Ten 
cases with only a Gaffky I count were cultured and there were two cases 
in which no bacilli were found on microscopic examination. These 
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negative specimens had, however, been positive at some time during the 
patiént’s stay at the hospital. As mentioned above, no special precau- 
tions were taken to obtain a perfectly clean specimen and many were not 
as good as could be desired, often containing much saliva and many 
secondary microérganisms. 

Tubercle bacilli were isolated in pure culture from all but one of the 
cases. It was usual to have good uniform growth on tubes of some 
media at all intervals, without growth of secondary forms. Over 90 per 
cent of the specimens yielded pure cultures without contaminations in 
any of the tubes. Out of a total of 1080 tubes throughout the whole 
study, only 50, or 4.5 per cent, showed any contaminations. As a rule 
such contaminations, when they did occur, consisted of one or two single 
colonies, and the tubercle bacillus colonies could easily be fished in pure 
culture. Contaminations were usually confined to tubes seeded at the 
five minute interval, and not always in all of these tubes. In only five 
cases did secondary growths run beyond this point. In one case 13 
tubes out of 25 were contaminated, the next highest being 7 out of 25. 
It was rare to find over one or two contaminated tubes in the series, and 
almost never beyond the five minute interval. 

Usually, as stated above, good growth was obtained at all intervals 
on suitable media. Although generally true, this did not hold for all 
specimens examined, so that the hope that one single definite time inter- 
val could be selected as most suitable and applicable to all specimens 
was not fulfilled. Except for a small number of specimens, the ten 
minute interval could be taken to yield pure cultures without contamina- 
tions. Some few, however, showed distinct variation, in that growth 
might occur at only one or more of the several intervals without appear- 
ing on the tubes seeded before or after. It was often true, where growth 
occurred throughout the series, that the most luxuriant growths were 
obtained on the twenty to thirty minute transplants. Undoubtedly, 
as Griffith suggested, several factors enter into such variations, such as 
the character of the original specimen and the readiness with which it 
digests, the possibility of some of the organisms which appear on the 
stained smear being dead, and undoubtedly an individual susceptibility 
of strains to the action of antiformin. One case in the present series, a 
strongly positive sputum, was cultured five times with only one positive 
result after the first trial, in which growth occurred only on three out of 
five tubes at the five minute interval. Again, in another case, growth 
was obtained in only three of the five minute tubes, and these tubes 
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showed, respectively, heavy seeding in the first, 6 colonies in the second 
and 3 in the third tube, exactly in the order in which they were planted, 
an interval which was never more than thirty seconds. Only one exam- 
ple of the other extreme was noted. In this case growth appeared only 
on the tubes seeded after thirty minutes. This would appear to indi- 
cate that different strains show marked variation in their ability to with- 
stand the action of antiformin. 

The first appearanre of growth (visible to the naked eye) varied from 
six days at the earliest up to thirty days in one case. , Twenty-eight per 
cent of the specimens showed growth in ten days or less, and 73 per cent 
before the fifteenth day. Here again this was not dependent upon the 
number of tubercle bacilli present in the stained sputum. Of the several 
kinds of media used the most uniformly successful from the several 
viewpoints, that is, earliness of initial appearance of growth, heaviness 
of seeding and final luxuriance of growth, was that containing liver 
infusion, either with or without glycerin. This medium was always far 
superior to the Dorset medium, and, in the majority of cases, surpassed 
all other media. A rather interesting point was that almost invariably 
the liver-egg (without glycerin) showed initial growth well before any 
of the other media, although eventually (at five weeks, when the final 
reading was made) media containing glycerin, in particular the glycerin 
liver-egg, might show a greater final luxuriance. 


CONCLUSIONS 


In 55 out ot 56 specimens tubercle bacilli were isolated in pure culture 
by the Griffith direct method. 

Less than five per cent of a large number of tubes showed any con- 
taminations. 

The most uniformly successful medium for the direct isolation of 
tubercle bacilli from sputum was one containing beef liver infusion in 
the proportion of one part infusion to four parts of egg. 

The simplicity and uniformly successful results with this method 
constitute a distinct advance over other methods at present in use for 
the direct isolation of tubercle bacilli from sputum. 


REFERENCES 


(1) Petrorr, S. A.: Jour. Exp. Med., 1915, xxi, 38. 
(2) Grurritu, A. S.: Brit. Med. Jour., 1914, i, 1171. 
(3) GrirrirH, A. S.: Lancet, 1916, i, 721. 


Ri 
a 
ig 
x 
ig 
+ 


THE DISSEMINATION OF BACTERIA IN THE UPPER AIR 
PASSAGES 


I. THE CIRCULATION OF FOREIGN PARTICLES IN THE MOUTH 


ARTHUR L. BLOOMFIELD 
From the Biological Division of the Medical Clinic of the Johns Hopkins University and Hospital 


As the study of the mechanism of respiratory infection has progressed, 
it has become evident that the process is much more complicated than 
previously had been supposed. Until recent years it was thought that 
the mouth could be regarded as a large culture tube, containing a medium 
favorable for a great number of microérganisms, and that any chance 
bacterium which gained entry might colonize and bide its time until by 
some “lowering of resistance” of the host it was enabled to penetrate 
the tissues and set up disease. 

Recent studies, however, on the fate of bacteria introduced into the 
upper air passages (1) have shown the facts to be quite the opposite, 
namely, that the normal mouth offers a very poor soil for the growth 
of foreign bacteria, and that a very effective mechanism exists for dis- 
posing of them. In other words, special combinations of circumstances 
of a fortuitous nature (for the microdrganism) are necessary before 
colonization, invasion, and carrier states can occur. Furthermore, 
it has been pointed out that some types of germs seem to grow free on the 
mucous surfaces, whereas others are localized in a focus of diseased 
tissue (2); and it was suggested that such distinctions cannot be explained 
by any known criteria of test tube growth, but that for the time being 
we must assume inherent or acquired variations in adaptation (3), 
begging the question of the ultimate explanation. 

It has seemed to us that information about the more intimate relations 
of these various types of bacteria to the mucous membrane might result 
in an advance in the solution of the general problem. The question can 
perhaps be most clearly stated by sketching the hypothetical fate of 
a foreign microérganism deposited in the mouth. One may conceive of 
it, first, as resting on the layer of mucus which everywhere covers the 
epithelial surfaces. A variety of possibilities immediately come to mind 
as to its subsequent fate. It may fail to penetrate the mucus and may 
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be washed away and eliminated, or it may reach the epithelium and es- 
tablish some form of growth in relation to the tissue surface. It may 
set up a reaction in some anatomically isolated spot, such as the tonsil 
crypts, it may be removed by phagocytosis, or, finally, it may be able to 
colonize with the production of an acute inflammation. 

In an attempt to analyze the factors involved, simultaneous cultures 
were made from various sites in the same individual—pharynx, nose, 
tongue, and tonsils (4). It was found that the benign, habitual mouth 
flora is more or less uniformly distributed throughout the buccal cavity, 
but that foreign microérganisms, when persistently present, were con- 
fined to a localized region. This fact in itself was not remarkable, inas- 
much as the bacteria were probably associated with a focus of infection; 
but we were surprised to find that there was little or no apparent spread 
from such a focus to the general mouth cavity. Repeated cultures, 
for example, from a person who harbored Staphylococcus aureus, yielded 
the bacteria in large numbers from both tonsils, but not from the tongue 
or pharynx. Such observations as these suggested, first, that the 
circulation of microérganisms in the mouth might be modified by the 
overlying layer of mucus, and secondly, that there might be definite 
currents in these regions which regulated the distribution of foreign 
bacteria. Were this so, it might be of great importance from the stand- 
point of infection in the individual, and also might throw light on the 
spread of bacteria to the outside world with the consequent infection 
of others. 

The present work, therefore, deals with the circulation of fluids in the 
mouth, with studies on the paths of travel of bacteria after entering the 
mouth, with the relative ease with which they are discharged from 
various areas, and with the more intimate relations of bacteria to the 
mucous membranes. 


THE CIRCULATION OF FLUIDS IN THE MOUTH 


Before presenting the experimental facts, a few general considerations 
may be taken up. Reviewing briefly the various mucous membranes of 
the body, it is seen that each is supplied with an adequate system of 
drainage. Such a system consists of two elements, first, a discharge of 
mucous or serous secretion upon the membrane by intrinsic small glands 
and, second, some grosser mechanism for flushing the entire system. The 
bowel empties itself periodically and thereby prevents undue accumula- 
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tion of noxious material; the urethra is kept practically sterile by the 
frequent passage of urine; the trachea, by its mucous secretion, by the 
sweep of its ciliated epithelium, and by cough rids itself with remarkable 
rapidity of inhaled foreign particles and bacteria; the conjunctiva is 
constantly washed by the lachyrmal flow which is quickly drained off by 
the lachrymal duct; the nose is kept clean by its current of ciliated 
epithelium and by its mucous secretion aided by the drainage from 
the lachrymal duct; and the mouth is constantly flushed by its intrinsic 
secretions from small mucous and serous glands plus those discharged 
into it from the salivary glands. Interference with drainage in any one 
of these areas promptly and invariably leads to serious disturbance of 
function,—intestinal obstruction, conjunctivitis, cystitis and other 
conditions may be mentioned. 

Recognizing the general importance of the above principle, one would 
expect an especially adequate mechanism to prevail in such a region as 
the mouth which is constantly open to invasion by outside bacteria: it 
should be one which would remove foreign particles promptly and 
effectively, and preferably by a very direct route without spreading 
them over the entire surface. A mechanism of this sort would be 
especially important from the point of view of infection, should it turn 
out that the site of inoculation of the microérganism determines to 
some extent its course in journeying through the mouth cavity. 

The following experiments were done in an attempt to determine the 
presence, if such exist, of regulated currents of flow in the mouth cavity. 


ANATOMICAL CONSIDERATIONS 


It will be recalled that the mouth in all its crevices and ramifications 
is lined by stratified squamous epithelium. This is characteristic of 
surfaces exposed to a certain amount of constant trauma, in distinction 
to the single layer of ciliated epithelium of more protected and delicate 
membranes, such as those of the deeper nasal passages and the trachea. 
Under normal conditions the buccal and pharyngeal surfaces are con- 
stantly moistened and lubricated by the serous and mucous secretions of 
innumerable, intrinsic, small glands. In addition there is the flow from 
the salivary glands—at times profuse but on the whole less constant and 
dependable. 

The situation of the intrinsic glands may be summarized as follows (5): 


Lips and cheeks (mucous glands) : 
Labial glands: a series of groups near the inner border of the lips. 
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Buccal glands: small scattered groups over cheeks. 
i Molar glands: well defined groups opposite molar teeth. 
Gums: The gums are without glands. 
Hard palate: A continuous layer of glands on either side of the oval white 
space. 
Soft palate: Numerous glands opening on the inferior surface. 
Tongue (serous and mucous glands) : 
Serous glands: surrounding circumvallate and foliate papillae. 
Mucous glands: over posterior third of dorsum of tongue, behind serous 
glands. 
Anterior mucous glands: two elongated groups meeting in front but 
diverging behind, opening on under surface of tongue. 
Additional mucous glands: along edges. 
Pharynx (mucous glands); Mucous glands, numerous in upper part. 


It should also be recalled that the lips, cheeks, tongue, and pharynx 
consist essentially of powerful muscular masses, the contractions of 
which produce definite mechanical effects. During the constantly 
repeated act of swallowing, fluids are forced backward by these contrac- 
tions. It is of special note that under these circumstances the pillars 
of the pharynx are drawn together in such a way that the tonsil is pro- 
tected and sidetracked from the general current. 


METHODS 


The method employed consisted essentially of placing some colored 
substance, the dissemination of which could be actually observed at 
various sites in the mouth. Dyes were used at first, but they had the 
disadvantage of initial rapid diffusion, followed by prompt fixation in 
the tissues. Finally, powdered charcoal was selected as being quite 
satisfactory. The procedure used was as follows: A cotton swab was 
soaked in water and was then dipped into the charcoal. The moist 
powder was spread on the selected site over an area not greater than 
1 cm. in diameter. After the application the person was instructed to 
act in a normal manner in regard to talking, laughing, and swallowing 
saliva, and was asked not to drink fluid until the experiment was con- 
cluded. The mouth was inspected at regular intervals, and attention 
paid to the following points: (1) the path of spread of the carbon 
particles (direct and by contact), (2) their rate of disappearance, and 
(3) the degree of adhesion at the site of application. Each experiment 
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was repeated from five to ten times in various subjects. The results 
within slight limits dependent on anatomical and physiological variations 
agreed in every case. 


EXPERIMENTS 


Experiment 1. The fate of carbon particles placed on the tongue: The 
charcoal paste was first rubbed on the anterior, central part of the 
tongue over an area of about 1 cm. in diameter. Within the first thirty 
to sixty seconds there was no apparent change, except that some of the f 
material was transferred by contact to the hard palate. After about 
one minute it could be seen that the carbon was travelling steadily 
backward in a band along the central part of the tongue (diagram 1). 
Within five to fifteen minutes the test substance had reached the line of 
the circumvallate papillae, but was still visible along its whole path 
from the site of application. At the circumvallate papillae and the 
lingual tonsillar tissue there was a partial and temporary arrest of the 
carbon which now gradually progressed in streaks through this area. 
Within thirty minutes to one hour (as a rule within the shorter period) 
no charcoal was anywhere visible in the mouth. Jt is of special interest 
that there was never any spread forward on the tongue, regardless of the — 
position of the head or of the activities of the subject. + 

A similar experiment was next performed, with the carbon placed on 
the anterior dorsum of the tongue, to one side of the midline. Its fate 
was similar to that described above, except that the particles never 
crossed the midline of the tongue though they were frequently swept up 
to it (diagram 2). 

Similar applications were next made on the posterior central and 
lateral aspects of the dorsum of the tongue. In these cases, depending on 
the anatomy of the particular subject, there was some transference by 
direct contact to adjacent areas, such as the anterior pillars, soft palate, 
and lower surface of tonsil (when very prominent). The time and 
manner of disappearance were similar to that described above and in no 
case was there any visible spread forward. 

Comment on Experiment 1: From this experiment it appears that 
foreign particles adhere well to the dorsum of the tongue, as evidenced 
by lack of immediate spread to areas other than those in direct contact 
with the site of application. This result would be expected from the 
anatomy of the organ, with its papilliform surface and its overlying 
layer of mucus. Currents carry the particles directly backward without 
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crossing the midline and without bringing them in contact with the 
tonsils or upper pharynx, except in occasional cases with markedly 
hypertrophied tonsils. The particles have usually disappeared within 
thirty to forty-five minutes. It is apparent, then, that an effective 


A 
DIAGRAM 1. SPREAD OF CHARCOAL PARTICLES PLACED ON THE ANTERIOR CENTRAL PORTION 
OF THE DorsuM OF THE TONGUE (CASE H) 


A. 10:39 a.m.: Appearance of tongue immediately after application 

B. 10:44 a.m.: Rapid spread of carbon particles backward 

C. 10:58 a.m.: Further spread along same path. Most of the carbon has disappeared 
from the original site of application. 


A 
D1aGraM 2. SPREAD OF CHARCOAL PARTICLES PLACED ON THE ANTERIOR LATERAL’ PorTION 
OF THE DorsuM OF THE TONGUE (CASE C) 


A. 10:42 a.m.: Appearance of tongue immediately after application 


B. 10:48 a.m. 
C. 11:04 a.m.: The particles have spread backward and up to, but not across, the 


midline. 

mechanism exists here for the rapid and direct removal of foreign parti- 
cles, at the same time preventing a general spread throughout the 
mouth cavity. The protection of the tonsils is of special importance 
and will be further discussed below. 
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The exact nature of the cause of these currents is a matter for specula- 
tion. Suction due to the contraction of the muscular masses of tongue, 
cheeks, and pharynx seems to be the most likely explanation. 


Experiment 2. The fate of carbon particles placed on the palate: Appli- 
cation was first made on the anterior central part of the hard palate 
about 1 cm. from the gums. The carbon was promptly spread by con- 
tact over the entire anterior part of tongue. After one minute it was 
diffused over the entire hard palate in streaks and dots. Within five 
minutes the substance was practically gone from the palate, a few dots 
remaining in crevices in the mucous membrane. After ten minutes 
a few minute particles still remained as scattered dots. Within thirty 
minutes no carbon was any longer visible, save in one case, in which a 
single dot, adherent in a crevice in the mucous membrane, was still 
present after forty-five minutes. Application on the same part of the 
palate, but to one side of the midline, gave similar results, save that 
except for a few particles which crossed the midline the carbon remained 
almost entirely on the original side. 

Charcoal, spread on the soft palate, was promptly transferred to : 
adjacent parts of tongue. That remaining on the palate rapidly diffused i 
in streaks and dots over the pillars and thence to the tongue. Within 4 
fifteen to thirty minutes it had disappeared from the site of application; | 
except in occasional cases where a dot persisted in a crevice. Spread 
was always backward and never forward. 

Comment on Experiment 2: Carbon particles placed on the palate 
adhered much less firmly than on the tongue. Since the former surface 
is much smoother, this was to be expected. The material seemed to be 
removed mainly by transferrence to the tongue, and disappeared from the 
site of inoculation usually in fifteen minutes. Anatomical variations, 
as in all of these experiments, play animportant part, and lead occasionally 
to the abnormal retention of particles in crevices in the mucous mem- 
branes. On the whole, the mechanism of removal from the palate seems 
remarkably efficient. It is rapid and operates without contaminating 
the whole mouth cavity. It is of special note again that the currents 
are such as to avoid the tonsil. 


Experiment 3. The fate of charcoal particles placed .in the sublingual 
space: In this experiment some difficulty was encountered, owing tothe 
smooth surface of the mucous membrane and the abundant flow of 
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saliva from the submaxillary glands which was usually set up by the 
manipulation. As a rule, most of the carbon particles failed to adhere, 
but were carried rapidly back along the sublingual space and thus 
reached the posterior dorsum of tongue. In two subjects, whose 
salivary secretion was not free, it was possible to make the charcoal 
stick fast to the site of application. Within three to five minutes the 
material had practically disappeared, carried away by the mechanism 
described above, along the lateral sublingual spaces. After ten minutes 
a stippling of particles was still visible in crevices in the mucous mem- 
brane. Within twenty minutes the charcoal was all gone. 

Comment on Experiment 3: Particles are promptly and rapidly 
removed from the sublingual space, especially as there is little tendency 
for them to adhere. Their removal is effected without general con- 
tamination of the mouth cavity, except in cases where an unusual 
abundance of saliva is present. 


Experiment 4. The fate of particles of carbon placed on the buccal 
mucous membrane: Owing to the free flow of saliva from the parotid 
gland, conditions here were similar to those in sublingual inoculations. 


As a rule the saliva swept the test substance over the tongue and into the 
sublingual space, whence it was rapidly removed as described above. 


Experiment5. The fate of carbon particles placed on the posterior pharyn- 
geal wall: Application of charcoal here was easy, as the latter ad- 
hered readily to the mucus on the corrugated pharyngeal surface. With- 
in the first minute no change was apparent at the site of application. In 
some cases the dorsum of the tongue was stained by contact. After 
one minute a steady progress of the carbon particles down the posterior 
pharyngeal wall was apparent. When the application was made on 
one side, there was no spread beyond the midline. In no case did the 
particles come forward into the mouth. Within fifteen to thirty minutes 
the carbon had entirely disappeared, except in one case of great interest, 
where a small bit, which had lodged above a protruding lymphoid nodule, 
was still present after one hour. This illustrates the importance of 
anatomical variations in producing exceptions to the general rule. 


Experiment 6. The fate of carbon particles placed on the tonsil: In 
this experiment the applications were very satisfactory. It was easy 
to spread the charcoal and it adhered firmly. Except in a few cases of 
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very large tonsils, there was no spread by contact to adjacent areas of 
tongue or pillars. The carbon remained on the tonsil practically un- 
changed during the two hour period of observation. None was seen after 
twenty-four hours. Occasionally a few particles seeped down into 
the glossopharyngeal crevice. Its final removal seemed to be effected 
in this manner. 

Comment on Experiment 6: ‘The tonsil observations were of particular 
interest. It is generally supposed that the tonsil is a converging point 
and site of collection for bacteria entering the mouth. These experi- 
ments show that the tonsil is very effectively protected and that particles 
are only unusually lodged on them. However, when particles become 
deposited on the tonsils they remain out of the track of the mouth currents, 
and disappear very gradually, by means of currents which carry them, 
not into the mouth cavity, but into the pharynx and oesophagus. 


GENERAL SUMMARY 


The general result of these experiments, then, is as follows: In the 
first place, ‘there is a marked tendency for foreign particles to adhere to 
the mucous surfaces. This seems to: be due to the irregular, poly- 
morphous architecture of the parts, with numerous crevices in the 
mucous membrane, plus the adhesive qualities of the overlying layer 
of mucus. Having once adhered in this way, there seems to be little 
or no tendency for the particles to spread at large over the mouth, but 
they are removed in an orderly and uniform manner. Inasmuch as 
there is no ciliated epithelium in the mouth, the presumption is that 
this removal is due to suction currents set up by the muscular masses 
which make up the lips, cheeks, tongue, and pharynx. The general 
path of removal is by direct spread to the rear. There is no forward 
dissemination. The paths from the tongue, sublingual space, and 
palate all converge at the base of the tongue. The faucial tonsils, 
protected by the pillars, occupy a position which is out of the way of 
these currents, so that under normal conditions particles deposited 
in the mouth are swept past them. Once lodged on the tonsil, however, 
the particles remain relatively stagnant. Particles which fail to adhere 
are removed with great rapidity by the flushing action of the saliva, but 
are carried along essentially the same paths. 

In general, it may be said that the carbon was removed in from fifteen 
to thirty minutes. It is of interest and importance, however, that 


amd 
| 
i 


912 ARTHUR L. BLOOMFIELD 


numerous exceptions occurred to this rule, always in the way of me- 
chanical lodgment in a crevice in the mucous membrane. 

Inasmuch as the normal ‘‘resting” conditions are in actual life con- 
stantly interfered with by chewing, eating, and drinking, it seemed of 
interest to note in what way the above experiment could be modified by 
swallowing fluid after inoculation with carbon particles. The following 
procedure was therefore adopted: After placing the charcoal on the 
various sites the subject was instructed to drink a glass of water, taking 


it rapidly but in small sips. 


Experiment 7. Carbon was placed on the anterior dorsum of the 
tongue and a glass of water was immediately taken. Result: A few 
superficial particles which were not adherent to the mucus were imme- 
diately washed away, but the main mass of the material was entirely 
unaffected and was removed as in experiment 1. 


Experiment 8. Same as experiment 7, except that application was 
made on the hard palate. Result: All superficial nonadherent particles 
were promptly removed. A stippling of particles remained which was 


removed as in experiment 2. 


Experiment 9. Same as experiment 7, except that application was 
made on the upper pharynx. Result: No apparent removal by the 
ingested fluid. 


Experiment 10. Same as experiment 7, except that application was 
made on the tonsil. Result: No apparent removal by ingested fluid. 


Summary of experiments 7 to 10. When fluid was taken immediately 
after placing charcoal on the various sites, any particles on the surface of 
the mass which were not well in contact with the mucus were promptly 
removed. The particles actually in contact with the mucousmembrane, 
however, were apparently unaffected by the ingested fluid and disap- 
peared according to the conditions found in experiments 1 to 6. 


Experiment 11. A thick suspension of powdered charcoal in water 
was prepared. It was of the consistency of thin paste. The individual 
examined took a large swallow of this material. The distribution of the 
carbon particles was determined by inspection. This test was performed 
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on four people. It was found that the dorsum and lateral margins of 
the tongue were uniformly covered with the charcoal particles. The 
cheeks and palate were marked, but to a less extent. The sublingual 
space showed no carbon particles, nor was there any marking of the 
pharynx, save in one case when a spot 1 cm. in diameter was discolored 
by direct contact with the tongue. In two of the four cases the tonsils 
were entirely free from carbon particles. In two others whose tonsils 
were very prominent a few particles adhered. 


Experiment 12. A similar experiment was performed with a deep 
blue aqueous solution of methylene blue. The results corresponded 
with those of experiment 11. The tongue was intensely stained, the 
palate and cheeks to a less extent. The sublingual space was not 
stained in any of the four cases examined, nor was the pharyngeal wall. 
In two cases there was a slight staining of portions of the tonsil, while 
in the other two the tonsil had apparently not been touched by the dye. 

In summary, then, in the process of swallowing, fluids seem to be 
forced or sucked back through the mouth and squirted down the oesopha- 
gus without touching the upper part of the pharyngeal wall. The 
tonsil on the whole is protected from contact with the stream of fluid, 
although anatomical variations in the size of the tonsils and in the 
disposition of the pillars of the fauces will in some cases vary this result. 


DISCUSSION 


The experiments described were undertaken because previous bac- 
teriological observations had indicated that microdrganisms, introduced 
into the mouth, were rapidly removed, and that bacteria located in a 
focus such as the tonsil were not uniformly spread throughout the mouth 
cavity. It seemed likely, therefore, that there was some definite mech- 
anism. for promptly removing such foreign bacteria in an orderly 
way. The present experiments with foreign particles crudely duplicate 
what might be expected to obtain in the case of the deposition of bacteria. 
They show, first, that such particles for the most part tend to be anchored 
in the protective mucus layer, and that they are subsequently rapidly 
and directly removed by a series of suction currents. Obvious excep- 
tions in regard to the speed of removal occur, owing to anatomical 
peculiarities and variations. The most significant finding, however, is 
in connection with the tonsils. Our idea had been (and we believe it 
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to be generally held) that these structures were a collecting place for 
foreign bacteria which enter the mouth. The present experiments 
show that the tonsils are very well protected from contamination because 
of their situation behind the anterior pillars, and because of the course 
of the suction currents, but that when in some way foreign particles 
do lodge on them such particles remain stagnant for a considerable 
length of time. 

In summary, then, we have here additional evidence of the protective 
mechanism which rids the mouth of foreignbacteria. ‘That thismechan- 
ism frequently fails under unusual or abnormal conditions is obvious, 
but when one speculates on the degree of probable infection which would 
exist without it, it seems remarkably efficient. 

In a subsequent paper similar experiments, with bacteria as a test- 
substance, will be reported. 
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RESISTANCE TO TUBERCULOSIS! 
AND ITS RELATION TO ANTITUBERCULOSIS MEASURES 


ALLEN K. KRAUSE 
From the Kenneth Dows Tuberculosis Research Fund, of the Medical Clinic of the Johns 
Hopkins Hospital and University 

It is now well understood that our efforts to prevent tuberculosis must 
proceed along two main lines. The first aims to do away with infec- 
tion, to break the contact that is so frequently established between 
human beings and tubercle bacilli at large. The second is to keep 
quiescent the infection which most men harbor within themselves. 

It was the best opinion, not long ago, that only the sick with tuber- 
culosis were infected, and that the event of infection—the fact that ba- 
cilli ‘took hold” and set up lesion—was determined by what was called 
the ‘‘resistance”’ of the recipient at the time of infection. A good re- 
sistance, so many maintained or implied, would permit no infection, 
even though germs were taken into the body. But after we became 
acquainted with the fact that nearly all human beings become infected, 
under any and all circumstances, we had to assume that initial or native 
resistance to tuberculous infection is more or less ona par with resist- 
ance to infection with measles; that everyone exposed, however slightly, 
will exhibit some evidence of contact with the virus; that there is really 
no complete native barrier to tubercle bacilli. 

Under these circumstances, it followed that we have had to explain 
why the great majority of mankind keep their infection in abeyance, or, 
as is more usually ventured, why tuberculosis patients fall ill and why 
the manifestly ill show such great variations in the intensity and pro- 
gressiveness of their disease. It is plain that satisfactory information 
on these questions would put us in a better position to fight tuberculosis; 
for we could then institute measures to remove obviable causative 
factors of disease, imperfect though these might be, involving, as they 
probably would, mass action and application of public health princi- 
ples throughout the entire body of a citizenry which, never any too well 
informed, bade fair to be only partially responsive. 


1 Elaboration of an address delivered at the Convention of the Virginia Tuberculosis 
Association, Richmond, Virginia, October 7, 1921. 
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In accounting for the well known variability of behavior of established 
tuberculous infection most authors have resorted to the catchword 
resistance. There can be little doubt that only too many have used 
the term without defining what they mean by resistance or trying to 
make plain how resistance is influenced or how its variations bring 
about observable fluctuations of tuberculosis. It delays, rather than 
advances, our knowledge of tuberculosis to assert offhand that a per- 
son develops tuberculosis because his resistance is lowered, unless we 
can prove that a diminution of resistance precedes thé outbreak of tuber- 
culosis; or that disease is progressing because of a lack of resistance, 
unless we can show that this attribute is absent or unusually slight: for, 
as a matter of fact, frank tuberculosis may follow trauma or sudden, 
excessive physical strain under such conditions that we cannot imagine 
any alteration of resistance to have entered as a causative factor; or 
severity of clinical symptoms and subsequent course of disease may turn 
on such factors as the points of focalization of bacilli, and where infec- 
tion or reinfection may lodge must often be fortuitous, or, at any rate, 
independent of anything that we can conceive of as resistance; and, in 
this connection, it is as certain as can be that we are able to show by 
experiment that a tuberculous animal’s resistance, immunity, to rein- 
fection increases as its disease progresses and its symptoms are becoming 
more marked. 

But all this is anticipating my thesis. At this place I would repeat 
and emphasize the plea, which I have frequently made, that we use the 
term resistance advisedly and that we never indulge in it unless we have 
some exact or concrete idea of what we mean and are talking about. 

There are many factors which must influence the course of tubercu- 
lous infection yet which, by no exercise of logical reasoning, may be 
comprehended under a proper concept of bodily or organic resistance 
to it. 

Among these is the element of the focalization of infection to which 
I adverted a moment ago. Both the immediate and remote results 
of any infection may be markedly influenced by the Joci of infection. 
Everything else being equal, a lesion in midlung or immediately adja- 
cent to a large blood vessel is of more moment than an exactly 
similar one at the apex or at a distance from larger vascular or lymphatic 
trunks. Two men may have identical resistances and identical infections 
in identical spots,—in a lymph node, say. Both lesions may shed a few 
bacilli into neighboring blood vessels at the same time. But in one 
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case these germs may make their way to the meninges to set up a rap- 
idly fatal tuberculosis, while in the other they may go to peripheral 
muscles to produce no appreciable effect. The progressiveness of tuber- 
culosis is, in almost every instance, in large part a reflection of the metas- 
tasizing events which followed an original solitary lesion; and these 
successive eruptions of tubercles, so far as their localization is concerned, 
will be governed by factors which we cannot imagine as having anything 
to do with resistance,—factors which we must call accidental, factors 
which will comprehend original anatomic localization, avenues of spread, 
character of metastasizing material (amount, consistence, etc.), physi- 
ological activity of the host at the time of eruption, and so on. For 
all we know, these factors may be the most decisive of all in determining 
the variable course of tuberculosis, yet they are seldom given any 
attention. 

It is encouraging that a growing acquaintance with the processes of 
tuberculo-immunity is introducing more precision into discussions 
which may involve the phenomenon of resistance. But it is also only 
too apparent that frequently a certain terminology is bandied about 
with a vagueness and a freedom which could hardly withstand defini- 
tion and analysis. We read much about what happens—to patients, to 
groups or to races of people—because their resistance or their antibodies 
are raised or depressed by various causes—by fresh or foul air, by good 
food or a lack of it, by hygienic or vicious habits or modes of living. 
Seldom is any proof brought to bear that any variation of resistance 
contributed to the event: less seldom is it shown that “antibodies” 
have turned the scale, one way or the other: indeed, practically never 
are these antibodies demonstrated as having any existence in the cir- 
cumstances. There are only too many of these explanations of the 
effects of tuberculosis which sound well yet mean nothing, and which, 
because they resolve really complicated effects into factors which are 
easily understood yet have no real existence in the case, exert a sopo- 
rific effect, not only on their sponsors but on the scientific curiosity of the 
latters’ auditors as well. 

As it happens, there are such things as tuberculosis ‘‘antibodies;” 
there is a specific immunity to tuberculosis; there is real resistance to 
tuberculosis. And it shall be the purpose of this address to pass in 
review, with necessary brevity, factors and conditions which may 
legitimately be regarded as offering resistance to infection by tubercle 
bacilli and to the further progress of infection; and to touch, as well, 
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upon some circumstances which may influence and modify these ele- 
ments of resistance, and thus bring about the variegated background of 
tuberculosis with which we are familiar. I should like also, in passing, 
to point out what directions our preventive measures must take, in so 
far as they are to be based upon our best knowledge of resistance. 


If we view the subject broadly, we are at once struck by the fact that 
many elements are at work in resisting tuberculous infection and its 
development. -There are checks and barriers to infection and its spread 
at the portals of entry and along the avenues of bacillary dissemination; 
there are anatomic tissue reactions which serve to fix the bacilli and 
restrain their activities; and there are newly acquired attributes of spe- 
cific immunity which operate in a similar manner. 

Tuberculosis is essentially a lymphatic infection. Entering by diges- 
tive tract, the germs penetrate buccal, pharyngeal or intestinal mucosa, 
and come at once within the domain of the lymphatic system. In 
very many instances they pass immediately into lymphoid tissue like 
the tonsils or enteric follicles. If they are carried further into the body, 
always by lymphatic paths, they are soon intercepted by lymph nodes 
which are distributed with particular profusion close to portals of entry. 

Bacilli from without which gain any part of the respiratory tract in 
the nontuberculous young are for the most part similarly carried to 
lymphoid tissue,—to the deep cervical nodes or the tracheobronchials. 
Those again which come to the lung by the blood from foci elsewhere in 
the body tend in early life to be carried out of the blood vessels into the 
lymphatic network of the lung and proceed by way of this to the tracheo- 
bronchial nodes. 

It happens, therefore, that the ordinary early infections of life, which 
everyone to-day acquires, are localized in lymph nodes, usually the sub- 
maxillaries or deep cervicals, the tracheobronchials and the mesenterics. 
It happens also that when disease manifests itself in early life, it does 
so most frequently in these nodes or, in a very large proportion of cases 
of extralymphatic disease, its origin can be traced to these nodes. 

What is significant is that in the great majority of infections—fully 
90 per cent—the lymph nodes are competent in restraining the infection 
and keeping it quiescent. In experimental work I have long been tre- 
mendously impressed by the great resistance which the lymph nodes 
offer to the spread of infection, and particularly to the development of 
progressive and florid disease within themselves. In guinea pigs, un- 
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less the nodes are receiving large and continuous doses of virulent bacilli 
from more superficial foci which they drain, they will keep under con- 
trol astonishing amounts of infection without becoming markedly dis- 
eased. The average picture is tumefaction, with caseation which is 
well balanced by sclerosis; to an extent, indeed, that, if we consider all 
nodes in the body, sclerosis usually gains the upper hand and compara- 
tive healing is the result. When infection seizes upon the smaller in- 
travisceral collections of lymphatic tissue, which are not true nodes, as 
in the spleen, the result is usually different; for it is in these places that 
we are accustomed to find infection developing and progressing. 

The more I observe infection and disease in human beings and in 
animals of experiment, the more I am impressed with the function of 
the lymph nodes as instruments of high resistance to the unchecked 
spread of tuberculosis. A sound and competent lymphatic system is 
of great importance as a defense against tuberculosis. Unobstructed 
lymphatic paths, permitting free and easy passage to lymph nodes, 
will allow focalization in the nodes themselves where bacilli are compara- 
tively harmless, rather than in more peripheral visceral tissues, where 
conditions are more favorable for their development and extension. 
Lymph nodes which are subject to irritation not infrequently reveal 
the outbreak of frank tuberculosis from quiescent foci with a positive- 
ness that cannot be misunderstood. The cases of clinical tuberculous 
lymphadenitis of the neck nodes which follow scarlet fever or tonsilli- 
tis or chronic tonsillar inflammation are numerous, as are those of the 
pulmonary root after measles. Chronic foci of buccal or pharyngeal 
inflammation exerting their effects by subsidiary congestion or inflam- 
mation of the neck nodes, which in turn light up old latent tuberculous 
foci in the latter, are frequently found in connection with the appear- 
ance of cervical tuberculous lymphadenitis. 

What happens in these cases is plain. Tubercle may be well invested 
for years in lymph nodes, which act as resisting organs so long as they 
are competent; but acute or chronic irritation from peripheral areas 
which they drain brings about abnormal anatomic and physiological 
conditions which permit the renewed development and spread of in- 
fection. Rational and scientific measures of prevention of tuberculosis 
must aim, particularly in children, at the more general attainment of 
healthy mouths and throats and the more complete restriction and con- 
trol of all constitutional infections, which bring in their train local or 
generalized involvement of lymph nodes, of shorter or longer duration. 
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There is a striking unanimity in the reports of medical examiners, 
to the effect that diseased teeth, hypertrophied or inflamed tonsils, and 
adenoid growths in the nasopharynx make up by far the largest number 
of pathological changes to be observed in children. There is something 
in our mode of life—something yet to be discovered—which operates on 
a scale to make these disabilities seem almost the normal lot of children 
under present conditions. Given the proper peripheral irritation in 
mouth or throat acting at the right time on the proper tuberculous lesion 
in neck node, and manifest tuberculosis develops, or bacilli may be mo- 
bilized and carried to bone and joint, to lung and tracheobronchial 
node, or even to meninges, there to set up reinfection and disease. Even 
though the conditions of tuberculous infection, per se, remained per- 
fectly static, we could expect a tremendous decline in tuberculous mor- 
bidity of children—and, as anindirect consequence, of adults—if all mouths 
and throats were put in a healthy state and if measles, diphtheria, common 
colds, etc., were wiped out. In brief, a healthy lymphatic system means 
a good defense against developing tuberculosis; all burdens laid upon 
it by nonspecific and vicarious irritation lower the threshold to tuber- 
culosis and favor its development in the lymph nodes and its spread 
from these to more central parts of the body. 


A few moments ago I mentioned the conversion of well invested tuber- 
cle to lesion which entered upon a cycle of renewed development and 
extension of infection. This transformation is one which may occur 
under the stress of many influences and one too which marks the change 
of a defensive or resisting mechanism to a menacing structure which, 
for a time at least, may exhibit few features of protection. It embraces 
several phases of resistance and its opposite, which may profitably engage 
our attention. . 

It has become trite to point out that the peculiar anatomic formation 
of tubercle with which the body meets the access of tubercle bacilli is 
intrinsically (though not completely) the result of reaction on the part 
of tissues to foreign bodies. Nevertheless, this truth must again be 
stressed in this place, so that its full significance may not be overlooked. 

Tubercles are thoroughly avascular, globoid structures, built up by 
the proliferation or new growth of cells, in response to irritation by for- 
eign bodies, in this instance highly resistant tubercle bacilli. The spheri- 
cal mass of newly formed cells surrounds the bacilli and, as it develops, 
becomes permeated with cells of another nature, leucocytes, which 
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wander in from outside of the mass. Developing further, the outer 
layers of the proliferated cells of the tubercle become flattened and throw 
out fibrils, in a way that ultimately leads to the formation of a compact 
sclerotic envelope if the process continues without interruption. In 
most cases, in first infections in which we have reason to assume that 
the number of bacilli is usually small, it does so continue. In fact, 
our data of the universality of infection and of postmortem observations 
make it appear that this is the more usual and more normal course of 
tubercle under natural conditions of infection; that is, that bacilli enter- 
ing the body are invested by cells which become transformed into layers 
of fibrous tissue between them and adjacent normal tissue. 

The net result of this process is the interposition of an envelope which 
interns and walls off the bacilli. It is an exhibition of resistance, of a 
defensive or protective mechanism. It may be thoroughly and per- 
manently effective, as, for instance, when the periphery of the tubercle. 
is very dense and compact and practically impervious, and the bacilli 
in the interior die. It may be competent for so long a period that we 
may call it permanent, even though bacilli remain alive inside, as we 
may observe when we find bacilli with perhaps some caseous or calcare- 
ous material enclosed within thick and almost gristled wall—I have seen 
a tubercle with caseocalcareous centre, and wall of almost rubbery 
consistence a quarter-inch thick by measurement. It may be only 
relatively and transitorily protective, as we shall seeinamoment. But 
the point to remember is that, even though many of our symptoms of 
illness arise from the anatomic and physiological disturbances set up 
by the several metamorphoses of tubercle, the tubercle is always a 
defensive structure: within it is always the function of resistance. 

And now arises the fair question: Why don’t all tubercles resist com- 
pletely and permanently?—for we have said that most do. Or, what 
operates to break down the defensive properties of tubercle? What 
whips them up to renewed development, to growth, to extension, to 
scatter their harmful contents further and broadcast? It is this matter 
of the breakdown of tubercular resistance which we would now look into. 

Altogether apart from the character and number of bacilli which 
always play their part at any particular time, the character and effects 
of tubercles will always be influenced by all activities that go on in their 
neighborhood; that is, they will be so influenced as long as they are in 
an anatomic state which is subject to change and up to and until that 
time when they may have been completely converted into scar tissue, 
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when their career can be said to have finished. But, until this event 
occurs, we may say with certainty that a relation of potential ‘‘give and 
take” exists between them and surrounding structures. Under the 
proper physiological conditions they yield something of themselves to 
the tissues nearby and through these to the body at large, while they 
at the same time receive something from the latter. This interchange 
will vary with the degree of investment that involves the lesions and 
with the physiological activities of functioning tissues which enclose 
the tubercles. Everything else being equal, good peripheral sclerosis 
will make for quiescence of tubercle under ordinary conditions and will 
withstand relatively great and violent fluctuations and changes, circu- 
latory and otherwise, of the involved organs. Given tubercular invest- 
ment of any competence, and relative rest of the involved part will 
favor tuberculous inactivity, while anything which brings about more 
active circulation and function promotes the conversion of latent into 
frank foci or the increase of vigor of already active foci. 

Let us try to be still more explicit. What, at bottom, do we mean by 
quiescence or latency or inactivity of foci; or by frankness and activity? 
Men may disagree on details that would define the shadowy line that 
not infrequently distinguishes quiescence from activity; but there can be 
little dispute on the general proposition that tuberculous foci which do 
not give rise to symptoms in people who are living their normal life are 
quiescent under the circumstances, while those which produce symptoms 
are active under the circumstances. I say under the circumstances, be- 
cause by strain or overwork we can bring on symptoms in many people 
who are normally without them, and thus, for the time being, arouse 
quiescent foci to activity, just as by rest or more complete relief from 
strain we can rid patients of all symptoms of illness, and during this 
time may consider their disease as relatively inactive. Quiescence and 
activity of lesion reflect the bodily activity of many patients with ‘ex- 
quisite delicacy. In practice, we must, however, have some standards, 
and I doubt whether any better working rule or criterion has been found 
than to base our estimations on what happens to patients who are pur- 
suing their normal lives. 

At any rate, in estimating quiescence and activity the things that 
count are not so much the signs of extension or retrogression of lesion, 
considered purely by themselves, nor the local symptoms of cough, sputum 
or diminished function, which may be the residua of healed or arrested 
lesions, as they are the constitutional symptoms of fatigue, malaise, 


| 
we 
“Ba 
Bs 
te 
pes 
a 
: he 


RESISTANCE TO TUBERCULOSIS 923 


fever, irritable pulse, etc. These constitutional symptoms are, without 
exception, the expressions of an intoxication which follows the exit from 
tuberculous foci of substances which we will not stop to define and which 
are taken up by the circulation in the neighborhood and distributed 
throughout the body. These are the symptoms which almost always 
usher in clinical tuberculosis, which announce the “breakdown of re- 
sistance” if one wishes to view the case in this light, which by varia- 
tions in intensity and duration furnish, rightly or wrongly, the clinician 
with his scale of measurement of resistance. 

And whether these symptoms will be absent or present, or more or 
less marked, will in the ordinary case depend upon the nature of the 
tuberculous foci; on whether the foci are well or poorly invested, and 
thus relatively closed or open to the heightened respiratory and circu- 
latory activity which follows increased physiological demands upon the 
body or the involved part, and thus in turn permit of less or greater 
exit and absorption of focal materials. 

More concretely, we may enumerate many events which would influ- 
ence the competence and integrity of the barrier which protects the body 
from the deleterious substances in quiescent tuberculous foci; events 
which contribute to the ‘‘opening,”’ as it were, of these tubercles, thus 
promoting the absorption of poisonous materials and the mobilization 
and further dissemination of enclosed bacilli; events which produce those 
physiological effects that overcome the defensive capacities of a mechani- 
cal, anatomic barrier. Intercurrent diseases of many kinds, particu- 
larly those which bring about congestion and inflammation and thus 
enhance the activities of the blood and lymph circulations; physical 
and emotional stresses which contribute to the same physiological] result; . 
abnormal metabolism, which may have the same effect—even that 
resulting from overfeeding, as is suggested by McCann’s recent work; 
in short, to repeat it almost ad nauseam, anything which puts physiologi- 
cal strain upon a part is a potential spur to quiescent tuberculous foci 
in that part, a possible sapper of the mechanical resistance to sympto- 
matic disease and bacillary spread afforded by anatomic tubercle. 

It is, of course, self-evident that in the development of clinical tuber- 
culosis, another fortuitous element, namely, the time at and during 
which tuberculotrophic stresses are at work, is of prime moment. We 
have said that anatomically no tuberculous process can be considered 
static until it is thoroughly healed. In its development and its retro- 
gression it will pass through cycles of pathological changes, which would 
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offer many grades and degrees of resistance to the same strain, if this 
were a fixed and uniform thing. So it will matter much when, in the 
course of its development, any given tubercle comes under the influence 
of an intercurrent inflammation, or pregnancy, or any unusal experience 
on the part of its possessor. A child, for instance, may suffer an attack 
of measles at a time when whatever tubercle it harbors is well sclerosed— 
at least well enough to withstand the deleterious effects of the infection at 
the time; and the measles passes without sequela. But, the measles may 
also attack a child not long after the event of tuberculous infection or 
slight and inappreciable extension of infection or reinfection, when foci of 
tubercle are not so well invested and are more open to the influence of 
measles: the result in this case may be what many physicians have 
observed, namely, the appearance of clinical tuberculosis after measles. 
Why tuberculosis follows certain experiences in some people and fails 
to come to the front in others who have gone through the same expe- 
riences is undoubtedly often due to the fact that the former were more 
unfortunate as regards the time when they went through unusual stress. 

This analysis of a very prominent phase of resistance to tuberculosis 
teaches us that those preventive measures are fundamentally sound 
which aim to reduce the unusual and useless stresses and hazards of life, 
whether by bringing home to the individual consciousness the risks of 
unnecessary overstrain, dissipation and exposure, or, by more public 
effort, to ameliorate the conditions under which a large portion of our 
people live, or by general hygienic measures to reduce the sum total of 
improper living conditions, with their consequent preventable diseases 
of many kinds. They square with conceptions of the development of 
tuberculosis, of the reduction of resistance to it, which we have every 
reason to believe are true, basically and in outline, impossible though it 
may be to fill in all details or explain every sequential step in every given 
case. The fact that not all people, or even most of them, who live under 
conditions or undergo experiences which are provocative of clinical 
tuberculosis, do not develop the disease does not weaken one jot the 
argument that certain environmental factors promote and actually 
bring on tuberculosis: it weakens it no more than would a comparable 
contention, that alcohol is not the cause of delirium tremens because 
most users of alcohol do not get delirium tremens, make us question the 
réle of alcohol in the production of delirium tremens. Tuberculosis is 
a striking example of those affections which are brought into being by 
the codperation and combination of several or many contributory causes; 
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just as, on occasion—when an habitué is stricken with pneumonia or 
other acute disease—even delirium tremens may be. If anything is 
certain, it is that the curve of incidence of morbid tuberculosis will 
run closely parallel with comparative deprivation of the means of sub- 
sistence and all the overstrain, exposure, faulty living and misery which 
accompany inability to live comfortably—granted always, of course, 
that tubercle is a universal infection in any community in question—and 
understood, also, that fixed monetary incomes must not be our economic 
standard, inasmuch as the same annual return may buy comfort for the 
peasant of Bulgaria yet spell poverty for the inhabitant of New York 
City. 


During the last twenty years we have been learning more and more 
about a third type of resistance to tuberculosis. This is specific immu- 
nity. Specific immunity is a form of increased resistance which is ac- 
quired by all animals which become infected with tubercle bacilli. It 
can be attained only by infection, as is the case with the immunity of 
the exanthematous fevers; but it is unlike the latter in that, as infection 
heals and disappears, immunity diminishes and dies out. Tuberculo- 
immunity is therefore more comparable to that which follows syphi- 
litic infection, inasmuch as it is well known that as a person’s serum 
ceases to give a positive Wassermann reaction, he can again be infected 
with characteristic chancre. 

After tuberculous infection deep seated changes go on in the body. 
Among the most remarkable is the circumstance that the tissues take on 
an entirely new reacting capacity to tubercle bacilli. While the tissues 
of the normal, nontuberculous organism react to first contact with tuber- 
cle bacilli by the slow and indolent formation of nodular tubercle, a 
structure made up, as we have seen, essentially of proliferated cells, the 
tissues of a tuberculously infected animal will react much more rapidly 
to the reimplantation of bacilli in new places; in fact, almost immediately, 
and with an inflammation which may be quickly followed or accom- 
panied after a few days by real proliferative, tubercular changes. This 
new reacting power is denominated tissue hypersensitiveness or allergy. 

The manifestations of allergy may vary from the slightest and most 
transient inflammatory traces to violent haemorrhagic inflammation 
with rapid necrosis. Its vigor will depend upon two factors, namely, 
the degree of hypersensitiveness and the numbers of bacilli brought to 
bear at a point at a given time. When numbers of bacilli are relatively 
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few, they are rapidly hemmed in by the accelerated tissue reaction, kept 
from disseminating and proceeding further into the body, and very 
often destroyed in a short time: all this without symptoms of illness in 
the host. But when numbers of bacilli are great and allergy is high, 
the host may be made acutely ill by the violence of the tissue reaction. 
Cases of acute tuberculous pneumonia are invariably those in which an 
already infected person has received a sudden accession of a large amount 
of tuberculous material—practically always from within—into his lung. 
What now happens is that a person falls ill because of his hypersensi- 
tiveness: and, although such a patient may seem to the clinician to 
exhibit low resistance because of the gravity of his illness, the fact is 
that he is so very ill because he is immune. For it is of the greatest 
importance to understand—what can be easily proved experimentally— 
that a normal, nontuberculous animal will tolerate enormous inocula- 
tions of living, virulent tubercle bacilli without being made ill thereby 
for several weeks, when early lesion is at last becoming manifest, while 
a slightly infected and therefore immune animal will fall acutely ill a 
few hours after reinfection (by the blood) of relatively small doses of 
living bacilli. 

Such are a few features of tissue allergy and specific immunity to 
tubercle bacilli. As it works out in nature, the case may be stated 
something as follows: 

Most infections from without, to which human beings are exposed, 
represent no doubt contacts with relatively few bacilli; and most human 
beings are exposed to infection, not once, but several or many times. 
First infection usually “‘takes;” very few bacilli are necessary and the 
body’s native way of meeting the infection is to react slowly with tubercle. 
Every infected person becomes hypersensitive in varying degree - and 
relatively immune to reinfection, whether from within or without. As 
long as first infection or internal reinfections from first infection persist, 
hypersensitiveness and immunity will remain in fluctuating degree: 
they will increase as infection progresses, become less as it tends to die 
out and disappear completely if it heals and lesions become sterile. 
There is no doubt that many persons, who never develop clinical tu- 
berculosis, never rid themselves of their first infection: there can also 
be hardly any doubt that in many others it disappears and that fresh 
infections from without renew hypersensitiveness and immunity. 

Because of his immunity an infected person will resist reinfections 
from without which would undoubtedly produce lesion in the normal, 
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nontuberculous person. Ordinary contact with tubercle bacilli is rela- 
tively harmless for him, so long as he remains infected; but it must be 
clearly understood that no known tuberculo-immunity is of so high a 
competence that it can withstand every grade of exposure to infection. 

But it is in relation to one’s own infection,—to the possibilities of 
extension and dissemination from it and to the manifold pathological 
changes which it may produce,—that allergy and immunity are of tre- 
mendous importance in resistance. It is obvious that implantations of 
infection from foci may comprise any number of bacilli, from single 
germs to enormous numbers. It is very likely true that these larger 
numbers of bacilli are much more often concerned in these reimplanta- 
tions than in infections from without; it is beyond question that practi- 
cally all widespread focalizations of bacilli originate from foci within 
the body. Im other words, the course of most tuberculous infections is 
governed much more by the successive events of autogenous or endogenous 
infection than by single or repeated infections from without; for in the 
former the chances of drainage are very much greater. And in this 
series of events, specific immunity and hypersensitiveness play, we may 
be sure, an almost preponderant réle, and supplement the mechanical 
defense erected by anatomic tubercle. 

We have stated several times that the normal susceptible animal, 
including man, is natively open to infection (and the production of 
lesion) by a very few, perhaps one, living bacilli. If then, this native 
reaction were not changed by the event of infection, if, in other words, 
no specific immunity were acquired, the infected animal would respond 
to every new localization of metastasized bacilli with the same slow and 
lazy proliferation of tubercle with which it reacted to first infection 
from without. And since we know how rapidly and widely unfixed 
tubercle bacilli can spread throughout the body, we would expect that 
under these circumstances most cases of tuberculosis would acquire 
an infection, which would be very widely disseminated soon after the 
intake of bacilli from without. 

But it is specific immunity and allergy which prevent the permanent 
focalization of small and moderate numbers of bacilli and operate always 
in a way that tends to confine the activities of the bacilli to one or a 
few points. Within a period which varies from five or six days to four 
weeks after infection the body is becoming allergic and immune: and, 
while the tissues are building up tubercle at the point of initial locali- 
zation of bacilli, the tissues are acquiring the property to react with 


\ 


928 ALLEN K. KRAUSE 


great celerity and with inflammation, if need be, to all which may lodge 
in new places. It results that those germs which may be conveyed out 
of the young and imperfectly formed tubercles to other parts of the 
body meet with the much more active resistance of specific immunity, 
and are either done away with or given a check for the time being. All 
this can be worked out with precision on the animal of experiment. 

The restraint is not always complete. If the immune process does 
not entirely destroy the bacilli, the few that remain go on to produce 
new lesion, subject to all the influences and eventualities we have al- 
ready mentioned. But the effect of this relative immunity is always 
plainly an inhibitive action on bacillary spread. 

The spectacular effects which follow the discharge of large amounts of 
tuberculous material from existing foci are nevertheless conservative 
and expressions of resistance, even though they endanger the life of 
the patient. The clinician is accustomed to interpret resistance in 
terms of symptomatic severity: to him stormy illness appears an evi- 
dence of lowered resistance against the invading parasite. But the 
experimental pathologist must score resistance on the basis of the issue 
of controlled end-effects: and he will find that in tuberculosis the ani- 
mal which rapidly responds to infection with illness is that which resists 
infection the best. You will observe this seeming paradox every time 
you make the following experiment: Infect a number of rabbits or 
guinea pigs with living tubercle bacilli of low virulence, which will 
give them slight, localized, nonprogressive tubercle. Four weeks later, 
after allergy and immunity are well established, reinfect these with 
virulent bacilli introduced by a vein, and at the same time infect in 
exactly similar manner a control series of normal rabbits or guinea pigs 
for the first time. You will find that the latter, receiving a first infec- 
tion, will not exhibit the least symptom from the operation. The rein- 
fected animals will fall acutely ill within a few hours. Some of them 
may die within the next day or two, when autopsy will bring to light 
pneumonic patches in the lungs and inflammations in other organs 
where tubercle bacilli have embolized. The survivors will soon recover 
from their acute illness and live indefinitely; and, if they are killed and 
examined six months and more later, their organs will be comparatively 
free from tubercle. But the originally normal controls, which received 
only a single infection of virulent bacilli and withstood this without 
acute illness, will develop progressive tuberculosis and die of it within 
two or three months. 
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Here we have a situation which we may roughly characterize as fol- 
lows: The immunity of the infected cost some of them their lives though 
it spared the survivors from progressive tuberculosis. The lack of 
immunity of the normals spared these from acute illness though it cost 
all of them their lives from progressive tuberculosis later. 

The acute tuberculous pneumonias of human beings do serve to 
limit the field of activity of large numbers of mobilized bacilli, even 
though they make the patients gravely ill: when recovered from, the 
disease again usually takes a chronic course, for a shorter or longer 
time, or becomes arrested. If there had been no pneumonia, these 
patients would, in every case, have gone on to rapidly progressive tuber- 
culosis, extending fulminantly to all parts of the body. 

If allergy and specific immunity were immutable properties and 
proof against outside influences, the story of tuberculous infection 
and disease would be very different from the one we all know. But 
just as we saw that the resisting elements of anatomic tubercle and 
lymph node focalization may be decisively modified by many specific 
and nonspecific factors, so we shall find it with these attributes. 

We have referred several times to the fact that both immunity and 
allergy fluctuate with the amount and character of the underlying 
infection: they are more active as infection progresses, less vigorous as 
it retreats, absent if it heals completely with bacillary sterilization and, 
at any time, sharply heightened by reinfection. 

They are also markedly affected by more external and nonspecific 
factors. It has been abundantly proved that allergy is depressed and 
even abolished by infections such as influenza and measles, by fever 
from various causes, and by pregnancy. It is a fair prediction that 
further investigation will show it to be similarly modified by fatigue, 
malnutrition, exposure to undue heat and cold, in fact, by anything 
which depresses normal bodily function. I have in mind a known 
tuberculous but profoundly anaemic child, in the service of Dr. Howland 
at the Johns Hopkins Hospital, who reacted negatively to repeated 
Pirquet test, but strongly after a transfusion had been done. 

Many bodily conditions, therefore, which are the effects of faulty 
living and hygiene, will likely reduce allergy and, as a consequence, a 
specific immunity. So again we find that our present methods of tuber- 
culosis prevention, aimed to improve living conditions and to reduce 
the incidence of many collateral diseases, are in harmony with our scien- 
tific knowledge of specific immunity, a third phase of resistance. 
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This discussion of resistance has, of necessity, been very incomplete. 
But it should point out what is only too often lost sight of,—that the 
outbreak of clinical tuberculosis in any case is the culmination of many 
contributory factors and events. In every case, no matter what the 
issue, some resistance or resistances are at work; and it is the interplay 
of the resistance and the experiences of the individual which determines 
the outcome and, after what is usually a protracted period, results in 
anatomic and clinical complexes which are as numerous almost and 
diverse as the infected themselves. 

Underneath it all there are no doubt other partial determinants which — 
have a share in moulding the final result. Everything that we observe 
suggests that human beings vary greatly in their reacting capacity to 
irritants, in their vigor of immune response, in lymphatic function and 
in that harmonious correlation of organic functions which we postulate 
as normal. They are different in these respects because they were 
born different: inheritance endowed their tissues with capabilities which 
are not exactly alike in any two persons. ‘Therefore, the effects of these 
differences must also, in the last analysis, enter into the ultimate result 
of tuberculous infection. But these variations have thus far been so 
intangible and so involved that they have defied scientific analysis and 
formulation. 

After all, it is encouraging to reflect that whatever the future may 
disclose, however we may from time to time be obliged to change and 
modify our antituberculosis plans, these, in design, are in harmony and 
are keeping step with our best authenticated knowledge and are thus 
proceeding on a rational and scientific basis. The-difficulties—the faults 
—of our measures to combat tuberculosis do not lie so much in the latters’ 
design. They originate and grow large in their execution,—in getting 
the people to see and to act. And our future course, it seems to me, 
is plain. It is to intensify and expand our present activities, to’ go 
along without letup, keeping our eyes and ears on all scientific investi- 
gation which will slowly yield up the truth and transmitting this promptly 
and effectively to an ever-widening public. Teach your intelligent 
men: reach them: and they will lead the rest. 
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Robert Childs Paterson 
1878-1921 


On the afternoon before Christmas Day a murderer’s bullet snuffed 
out the life of Robert Childs Paterson. In a twinkling a perverted ego 
wrought unutterable woe on a wife and two small children, broke the 
solidarity of Saranac Lake’s remarkably unique circle of medical per- 
sonalities and removed from the tuberculosis field one of its forceful young 
exponents. 

A gold medallist of both college and medical school of McGill Univer- 
sity, Paterson stepped out into a medical career which held out promise 
in abundance. ‘Two years of residence in the Montreal General Hospital 
with two years of study, devoted particularly to pathology, in Great 
Britain and on the Continent, brought poise and maturity to a highly 
gifted intelligence; and in 1906 Paterson returned to Montreal, bent on 
the pursuit of pathological investigations at the hospital. 

While in the hospital he developed Paranaud’s disease, the marks 
of which he bore for the rest of his life. Its tuberculous nature was not 
recognized at the time; and after a short illness he returned to work. 
Renewed exertion broke whatever slender reserve remained, and soon 
unmistakable pulmonary tuberculosis came to the front. This took him 
to Saranac Lake. 

Here he regained health. Here, too, he came to the attention of men, 
who were quick to appreciate the high quality of his medical attain- 
ments and personal character. Here he found his wife, Miss Winnifred 
Marson, of Montreal. 

He married in 1909 and at once made his home at Ste. Agathe des 
Monts, Quebec. He decided to throw in his lot there because the pro- 
jected opening of the new Laurentian Sanatorium promised to be the 
nucleus of a tuberculosis resort which, he believed, offered him an un- 
usual opportunity to grow up with and help develop—in his own country 
and among his own people. 

Sapped by tuberculosis, Paterson’s physique was unable to withstand 
the wear and tear of what amounted, almost, to practice in a pioneer 
community, beset with the rigors and hardships of back-country Quebec 
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climate and travel. Besides, his several years at Saranac Lake, with 
its wealth of professional association, was making him keenly alive to his 
isolation,—for now his medical companions were necessarily few. After 
five years of hard work and small pecuniary reward, he once more began 
to cast eyes toward Saranac Lake. 

He found an opening and in the spring of 1915 returned with his 
family to settle there. He fitted readily into the way of the place, 
sought out a desk at the Saranac Laboratory to study, and opened 
an office for practice. For a year or two practice came slowly, and the 
laboratory engaged much of his time, an opportunity which he used to 
make one or two worthy contributions to tuberculosis. Because of his 
physical condition the Canadian Army would not accept his medical 
services, when he offered to enlist. ‘The absence of six Saranac Lake 
physicians in the American Army threw more clinical work to Paterson; 
and by the time hostilities ended his reputation had grown to an extent 
that patients referred to him for treatment took up practically all his 
working hours. He had become one of our best known practitioners 
of tuberculosis, but there is no doubt that the study of tuberculosis lost 
a likely devotee in his rise toward professional distinction. Once again 
did the play of circumstance make the student turn artisan,—another 
arm of that strange Chance that put a loaded pistol into the hand of 
a deluded patient and aimed it at no man’s enemy, innocent of injury! 

Big of body, hearty in voice and manner, high and open in laughter, 
bluff, candid, confident in opinion, positive in its expression, Paterson 
was a personality,—Scotch through and through, with just a tinge of 
Church of England veneer. When with his crowd and all parade clothes 
doffed, the veneer was likely to crack and rub off. Sturdiness marked 
his every movement; it put heart and backbone into all who met the 
man and lost nothing of its influence because of a certain roughness. 
Had Paterson been a “smoother” man he would have gained not 
a friend more, yet might have lost a few. Patients and friends saw 
in him power, earnestness and honesty; and good nature cemented the 
relationship. 

Since his return to Saranac Lake, Paterson had kept well and capable 
of hard work, and had ostensibly many years of effective work ahead of 
him. His death has been a horror to all of us—an event that baffles 
analysis and makes straight thinking impossible. It stirs the depths 
of every heart to most poignant sympathy for a tortured wife and bereft 
children. It brings, too, a realization of the cruel misfortune which has 
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fallen upon the group of physicians which came to gather about Trudeau. 
They will miss Paterson. He brought strength to them. They will 
fill up the rank and march along. 


Robert Childs Paterson was born in Montreal, on April 29, 1878, 
the son of Mr. and Mrs. William S. Paterson; educated at the Montreal 
High School and Montreal Collegiate Institute; graduated by the 
Faculty of Arts, McGill University, in 1898, and by the Faculty of 
Medicine, in 1902; a house officer and medical superintendent of the 
Montreal General Hospital, 1902-1904; a student at London, Freiburg, 
Berlin and Berne, 1904-1906; an attending physician to the Reception 
Hospital and to the General Hospital of Saranac Lake, and an instructor 
in the Trudeau School of Tuberculosis; a member of Delta Upsilon 
Fraternity, Canadian Medical Association, American Medical Associa- 
tion, National Tuberculosis Association, Association of American Path- 
ologists and Bacteriologists, American Climatological and Clinical Asso- 
ciation, and American Association for Thoracic Surgery; a lover of out- 
door sports and a skilful participant in all that his physical handicaps 
allowed; the head of a peculiarly happy household; a communicant of 
the Protestant Episcopal Church and a member of the Parish of St. 


Luke, the Beloved Physician; a very active figure in the civic affairs 
of Saranac Lake; the author of perhaps a dozen contributions to medical 
literature, two of which have appeared in these pages. 


A. K. K. 
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THOMAS WILLIS 
AND HIS DE PHTHISI PULMONARE 


WILLIAM SNOW MILLER 
From the Anatomical Laboratory of the University of Wisconsin, Madison, Wisconsin 


Prologue 


In the fifth edition of Gray’s Anatomy, we read, “The remarkable 
anastomosis which exists between the branches of the carotid and ver- 
tebral arteries at the base of the brain, constitutes the Circle of Willis.” 

What memories these magic words recall to the physician who was a 
medical student one or two generations ago. The dimly lighted dis- 
secting room with its multiplicity of odors. The constant danger of 
“dissecting wounds.” ‘The long and, as a rule, dry didactic lectures; 
dry as the bones held in the hands of the Professor. The hilarious 
moments just before the Professor appeared. The ‘‘passing up” of 
the student who was bold enough to occupy a front seat reserved for 
his superiors. The grand break for the door when the lecture was over. 
Nevertheless, few of the medical students of those days took the pains 
to ascertain who Willis was; where and when he lived; or if he did any- 
thing else than describe his “Circle.” 


Any biographical sketch of Thomas Willis must be founded on that 
given by Anthony 4 Wood in the Athenae Oxonienses, supplemented 
by the Post-Scriptum, prefixed to the second part of the Pharmaceutice 
Rationalis written by Willis’s brother-in-law, Dr. John Fell, who became 
Bishop of Oxford. For this reason there must be, of necessity, a certain 
degree of sameness in all sketches. 

Thomas Willis was born at Great Bedwyn in Wiltshire. The exact 
date of his birth is questionable. Wood, Munk, Adams, and the Dv- 
tionary of National Biography give January 27, 1621, as the date and it 
is the one I shall accept. 

The early education of young Willis was obtained at a private Gram- 
mar School conducted by Edward Sylvester, in the parish of All Saints, 


' Read at the October meeting of the Wisconsin Medical History Seminary, 1921. 
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Oxford. In 1636 he obtained, through the patronage of Dr. Thomas 
Isles, a canonry in Christ Church College. He was a hard student and 
progressed rapidly, taking his B.A., June 19, 1639, and his M.A., June 18, 
1642. 

During the boyhood of Willis great changes took place in the govern- 
ment of England. James I died in 1625 and was succeeded by Charles 
I. Constant friction existed between the new king and his Parliament 
and in 1629 he dissolved Parliament. For the next eleven years (1629- 
1640) the king had the upper hand and ruled without a Parliament. 
These intervening years were marked with bitter strife; and finding him- 
self without funds he summoned a Parliament, known as the Short 
Parliament, for it was almost immediately dissolved because it re- 
fused to vote him the money he so much desired. In the autumn of 
1640 the king summoned another Parliament known as the Long Parlia- 
ment, for it sat for almost two decades. 

In January, 1642, the king considered himself strong enough to at- 
tack the Parliament and attempted to arrest the principal leaders. In 
this he failed, and when London rose in arms against him he fled to 
York. The king’s party held York and Oxford, but the loss of the battle 
of Edgehill forced the king to retire to Oxford which he proceeded to 
fortify. Willis remained faithful to the king and formed one of the 
garrison of Oxford. It was during his service in the garrison that Willis 
began his study of medicine, and on December 18, 1645, he was graduated 
M.B. In 1646, Oxford surrendered to the Parliamentary forces, and 
Willis settled down as a practitioner in St. John Baptist’s parish, Oxford. 
He quickly became popular and successful, Wood stating that he ‘‘was 
sent for far and near for his help.” He did not, however, degenerate 
into a medical machine with only the purpose in life to accumulate 
money. During these busy years he found time to publish his essay 
on Fermentations, Fevers, and Urines. 

Willis had already lived under three different administrations, James I, 
Charles I, and Cromwell; he was now to pass under a fourth, or per- 
haps I should say fifth, for the year following the death of Cromwell 
was one of pure anarchy. He saw two extremes: the reign of the pacifist 
James I ‘“‘peace at any price” at one end, and what it eventually led to, 
anarchy, at the other. With the Restoration in 1660, Charles II came to 
the throne and the ancient constitution which declared that “the govern- 
ment is, and ought to be, by king, Lords and Commons”’ was restored. 
The loyalty of Willis was rewarded, for on August 25, 1660, he was made 
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Sedlies Professor of Natural Philosophy at Oxford and the previous 
occupant of the chair, Dr. Joshua Crofts, was ejected. Continuing his 
studies, Willis graduated Doctor of Physic, October 30, 1660. These 
two events added greatly to his reputation and he became the attending 
physician ‘‘to most of the people of quality about Oxford.” 

In 1645, before the civil war had reached its conclusion, a group of men 
in London had met and organized themselves into a society ‘for inquiry 
into natural philosophy, especially the new philosophy.” The leaders 
in this movement were Doctors Wallis and Wilkins. By their removal 
to Oxford in 1648 the Society became divided into two separate societies: 
one at Oxford, the other at London. The Oxford society, of which 
Willis was a member, was the more important of the two, and held its 
meetings at the lodgings of Doctor Wilkins, who had become Warden 
of Wadham college. After the Restoration the two societies were re- 
united, and chartered in 1662 by Charles II as the Royal Society of 
London for the Promotion of Natural Knowledge. On November 
18, 1663, Willis was elected a Fellow of the Royal Society, but he was not 
admitted until October 24, 1667, an omission which is accounted for in 
the Journal Book as follows: ‘‘ Dr. Willis was chosen, having been forgot 
to be chosen again at the time when upon renewall of the charter, the 
Council, according to the power granted them therein, did receive and 
admitt into the Society such persons as had been elected afore upon the 
first charter.” In 1664 Willis was made an Honorary Fellow of the 
Royal College of Physicians of London, From these elections it will 
be seen that his reputation as a scientist had extended beyond Oxford. 

The Doctor Wallis mentioned above became Professor of Geometry 
at Oxford: Doctor Wilkins eventually became Bishop of Chester. There 
were other men, members of the Oxford group, who made areputation for 
themselves in later life. Christopher Wren became the noted architect, 
but at that time he was a student of medicine under Willis. He invented 
a method of transfusion of blood from one individualtoanother. Another 
member was Robert Boyle, author of Boyle’s Law. Sir William Petty, 
whose name is more often associated with political economy than anat- 
omy, was in 1651 Professor of Anatomy at Oxford and a member of the 
group. Heit was who resuscitated Ann Green, a young woman who was 
“hanged by the neck until she was dead” and then handed over as a 
perquisite to the Professor of Anatomy, who laid claim to the bodies of 
all criminals, for the purpose of dissection. Although the relatives of 
the young woman had taken a pull at the rope, before she was cut down 
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and had jumped on her body to make sure that she was dead, Petty 
resuscitated her, and she lived for many years and became a respectable 
member of the community in which she lived. Other members of the 
circle of remarkable men at Oxford were Lower, Sydenham, and John 
Locke. 

While these things were taking place Willis was not unmindful of the 
more materialistic side of life. On April 7, 1657, at St. Michael’s, 
Oxford, he married Mary Fell, daughter of Doctor Samuel Fell, Dean 
of Christ Church, and sister of Doctor John Fell who became Bishop of 
Oxford. She died October 31, 1670, and was buried in Westminster 
Abbey. On September 1, 1672, Willis married for his second wife 
Elizabeth, eldest daughter of Matthew Nicholas, Dean of St. Paul, and 
widow of Sir William Calley. 

About 1667, according to the Post-Scripium noted above, Willis left 
Oxford and took up his residence in London. It seems probable that the 
friendship which existed between Willis and the Archbishop of Canter- 
bury influenced him greatly in making this removal from Oxford, where 
he had a well established reputation, to London where he had to begin 
life over again. The venture was, however, successful and in a short 
time ‘‘he became so noted and so infinitely resorted to for his practice, 
that never any physician before went before him, or got more money 
yearly than he’’, to quote the-quaint language of Wood. 

Early in November 1675, ‘‘he seemed troubled with a cough (now the 
Epidemical Disease of the time) which (while it was thought light and 
inconsiderable) suddenly passed into a Pleurisie and Peripneumonia,” 
to quote the pharaseology of the Post-Scriptum already mentioned. He 
died November 11, 1675, and was buried November 18th, in Westmins- 
ter Abbey, by the side of his first wife. 

The fact that Willis was essentially a medical practitioner makes his 
contributions to science all the more remarkable. He was assisted in 
his work by Richard Lower, Christopher Wren, Thomas Millington, 
and Edmund King; he freely acknowledged their help, but there seems 
to be no reason for the statement by Wood that Lower “helped or rather 
instructed” Willis. Foster makes a similar statement. Each of them 
overlooks the fact that Lower was a student under Willis and working 
under his direction. Nevertheless Foster admits, when speaking of his 
Cerebri Anatome, that it is a classic work. Faulty as much of Willis’s 
reasoning seems to us, he had a working hypothesis of what we call 
vasomotor nerves: he had also, according to Foster, “dimly laid hold of 
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the doctrine of reflex action.” Boruttau calls Willis the ‘Father of 
Localization in that he made the first investigations to separate the 
functions of the brain and to locate them in different parts of the brain.” 

Before the time of Malpighi the lungs were supposed to be made up 
of bloody spume in which the air and blood were mingled. Malpighi 
showed by means of mercurial injections into the blood vessels of the 
lung that the air and blood were contained in separate systems of vessels. 
His idea of the structure of the lung was rather vague. All the air spaces 
of the lung communicated, not only with one another, but also with the 
connective tissue spaces. Willis carried the work a step further by 
injecting mercury into the bronchi rather than into the blood vessels, 
and proved that there was not a general intercommunication between 
the air spaces, but that there were definite areas marked off by connec- 
tive tissue septa, each of which was supplied by a bronchial tube. His 
plate illustrating this arrangement is excellent and clearly shows his 
idea of lung structure (figure 2). His work on the superficial lymphatics 
of the lung is remarkable, and the plate accompanying the text is the 
first one in which they are adequately illustrated (figure 3). 

Willis did a large amount of physiological work which must be passed 
over. To him we owe the first account of epidemic typhoid fever; 
he was the first to name and describe puerperal fever; his clinical pictures 
of hysteria are striking; and his differentiation of diabetes mellitus from 
other types is classical. He also gives good descriptions of bronchial 
asthma, whooping cough, and scurvy. 

However interesting his treatment of these subjects may be, they 
must be disregarded and special mention made of his description and 
treatment of “Phthisis properly so called, or of a Consumption.” In 
the following pages free use will be made of abstracts and entire para- 
graphs from his De Phthist Pulmonari. 


A phthisis is usually defined as a pining away of the whole body, originating 
from ulceration of the lungs. But this is not true: because I have opened the 
dead bodies of many who have died of this disease, in whom the lungs were 
free from any ulcer, yet they were set about with little swellings (tuberculis), 
or stones, or sandy particles throughout the lung. . . . A phthisis is 
better defined as a withering away of the whole body arising from an ill forma- 
tion of the lungs. 


This shows the careful attention Willis paid to the gross pathology of 
the lung. The ‘‘stones” were either calcified lymph nodes or caseous 
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Fic. 2. A Lope oF THE LUNG SHOWING ITS SUBDIVISIONS 
A; Main stem bronchus. D: Bronchus passing to the subdivisions of the lobe. G: 
The secondary or little lobes within which the “little bladders” are situated. These are 
arranged along the bronchus which enters the little lobe in the same manner as the little 
lobes are arranged along D. 
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masses which had become inspissated and later calcified by a slow de- 
posit of calcium granules. The ‘“‘sandy particles” were probably small 
granules of calcium deposited in the smaller masses of lymphoid tissue 
or in small caseous masses It is not improbable that calcification of 
the bronchial cartilages may have given rise to some of the “sandy 
particles” which his knife encountered as he cut open the lung. That 
these calcified masses may contain virulent bacilli is now well known. 
This is present day proof of the existence of tuberculosis, even though 
there is an absence of “ulcers” as small cavities and caseous masses 
were termed by Willis. The expression “‘ill formation of the lungs” 


Sect.t: Cap.1 Tab: £ 


Fic. 3. AN ENTIRE LOBE oF THE LUNG SHOWING THE SUPERFICIAL LYMPHATICS 


(mala pulmonis conformatione) must not be understood as a malforma- 
tion of the lungs, but rather as a diseased condition of the lungs. 

The manner by which the “consumptive matter” (infection) enters 
the lung is plainly stated when he says, “that anything that is an enemy 
(inimicum) to the lungs creeps in and is admitted chiefly by the trachea 
or by the pulmonary arteries, or perhaps by the nerves, but nothing by 
the veins or lymphatics, whose function is only to carry back or away the 
blood or lymph, and to bring in nothing at all (aique nihil prorsus in- 
gerere).” Here Willis recognizes the two sources of pulmonary infection, 
the air passages and the blood stream (aerogenous and haematogenous 
infection). The nerves we will pass by, for they are no longer considered 
hollow tubes capable of conveying the animal spirits, a function quite 
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necessary in the humoral pathology of Willis’s time. Earlier in his dis- 
cussion of the modes of infection, Willis discards the idea of “phlegm 
falling from the head into the lungs” as a cause of consumption. 

Due to a long continued cough a “humor” may be deposited from 
the blood circulating through the lung in the lung substance itself. 
First of all, it enters the little tracheal bladders (vesiculas tracheales) 
which it distends and from which every morning it-is removed by ex- 
pectoration. This process is repeated from day to day, and so much of 
the humor gradually accumulates in the little bladders (see figure 2) 
that at last the sides of two or more of these litttle bladders give way 
and there is thus formed a reservoir (Jacwm), within which the consump- 
tive matter accumulates and serves as a centre from which it is diffused 
through the lung, and the blood circulating in the lung becomes con- 
taminated. 


The blood in the veins receiving the purulent matter in every circuit, it 
immediately delivers it into the arterial; from whence, since it cannot be fully 
excreted by sweat, or by urine, it is brought back by the pulmonary arteries 
to the lungs, where again being separated from the blood, it is everywhere 
conveyed into the little bladders of the trachea and into the lung passages; 
insomuch, that finally the whole frame of the lungs being filled, clefts or 


ulcers are formed as a result in many places, and all the other hollow spaces 
are filled with frothy ichor (ichore spumoso). 


The sides of the ulcers or cavities thus formed frequently become 
callous (callosos), so that the matter contained in them does not enter 
the blood, but is expectorated in vast quantities. Although individuals 
thus affected expectorate large quantities of thick yellow matter every 
morning, Willis says they ‘“‘frequently arrive to old age; insomuch some 
are said to have been consumptive thirty or forty years and to have 
prolonged the disease even unto the term of their life (aud proinde abbre- 
viatum.) In the mean time others who cough or expectorate less, within 
a few months fall into a hectic fever, and in a short time are hurried into 
their grave.”’ Here we have, on the one hand, a well drawn picture of 
chronic fibroid tuberculosis, on the other hand one of acute tuberculosis 
(phthisis florida). 

After enumerating a number of causes of consumption which were 
connected with changes in the blood and “‘nervous juice,” and formed 
part of the humoral pathology of his day, Willis describes causes which are 
associated with the lung itself. ‘1. A malformation of the frame of the 
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breast. 2. An innate weakness of the lungs, or hereditary disposition 
to consumption. 3. Preceding diseases of the thorax, as a wound, a 
blow, a pleurisy, a peripneumonia, empyema, spitting of blood, the 
smallpox and measles. 4. The incongruity of the air inspired.” 

First: Malformation of the frame of the breast. After stating that it 
is necessary that the lungs have a free and unimpeded movement within 
the thorax so that they may be distended to their full extent and in this 
way be kept ‘“‘whole and sound,” Willis says: 


Wherefore, since the action of the lungs depends much on the frame of the 
thorax, as being the moving mechanism it must of necessity be, that by reason 
of its malformation, the function of breathing becomes defective in many 
things. There are two special kinds of malformations of the thorax, (namely, 
hunch-back, and wing-like scapulae) for which reason many are found prone 
to phthisis: the reason of which is, that in any such figure of the breast, being 
either depressed or made long, the lungs have neither so free and ample a space, 
nor can the muscles which move it be so strongly contracted as in a square 
breast. 


The ancient authorities laid great stress on the conformation of the 
thorax and gave elaborate descriptions of the ‘‘phthisical chest,” de- 
scriptions which even find their way into modern textbooks. Still, 
a malformation of the chest, especially a flat chest, is not a sure criterion 
that the individual is, or will be, tuberculous; when present it is more 
often the result of tuberculosis than a predisposing cause to tuberculosis. 

Second: Hereditary disposition to consumption: 


When any one is found inclining to a consumption, he is questioned whether 
his parents were susceptible to the disease. Very many of these possessing 
a narrow breast and an elongated neck, and a very delicate constitution, 
contract a cough from the least occasion; neither can they endure a cold or 
moist air. 


Some of these are unable to live in a city where the air is heavily 
charged with smoke, while others suffer no inconvenience. To all, 
however, a north wind is obnoxious and often leads to the development 
of some pulmonary disease. 

It is interesting to note in this connection that Willis did not believe 
in the direct inheritance of consumption, but that there often existed an 
“innate debility” which, under certain conditions, permitted one indivi- 
dual to acquire tuberculosis more readily than another. 
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Third: “A phthisis is sometimes produced by, or is the consequence 
of, some previous disease.” Among the diseases mentioned by Willis 
are empyema, pleurisy, pneumonia, abscess of the lung, and sometimes 
smallpox and measles. The inclusion of acute infectious diseases by 
Willis is very interesting in view of our experience following the epidemics 
which occurred in the various camps during the late war. 

Fourth: The condition or temper of the air breathed in: 


Such is the influence of this on some consumptive persons, that the cause of 
the disease is sometimes wholly ascribed to the incongruity of the air wherein 
they live, and for a cure the alteration of air or soil is preferred to all other 
remedies. Therefore, many in our country who are troubled with a cough, 
or have a consumption, flock to the southern parts of France; and others in 
the meantime who cannot go beyond the sea, or will not, presently hasten to 
remove out of the smoke of the city into the country as a most undoubted 
refuge: wherefore all our villages near London, which enjoy a clear and open 
air, are esteemed as so many hospitals for consumptive persons. Neverthe- 
less, all do not alike receive help from such a change of places; for many, 
either going to France or to country villages, do in those places rather find 
their graves than health. And therefore London is not presently to be for- 
saken by all phthisical persons: for I have known many subject (obnoxios) to 
a cough or consumption to have enjoyed their health much better in this 
smoky air than in the country. So that for cure of the same disease, while 
some avoid this city as Hades, others fly to it as to an Asylum. 


Willis paid strict attention to his patients who suffered from a cough, 
and he describes three distinct stages or signs belonging to a cough: 

1. When a cough arises ,whatever its cause, in a person predisposed 
to consumption it ‘‘will scarce ever be free from a suspicion of danger: 
but in a strong man, and one who has often before with impunity suffered 
from a cough it need not be immediately feared. . . . . Ifa 
slight fever with thirst and loss of appetite accompany this, there is 
hope that the blood being restored to its proper temperament, the 
cough will then cease of its own accord; but if it be long protracted, 
and does not easily yield to ordinary remedies, and produces much 
sputum, and that discolored, it must not be any longer neglected.” This 
was excellent advice and can scarcely be improved by the modern 
clinician. 

2. “But if to a cough daily growing worse with plentiful and thick 
sputum, a languishing and pining of the whole body, loss of appetite, 
difficult breathing, thirst, and fervent heat of the blood be added, there 


il 

if 


THOMAS WILLIS 945 


is great cause of suspicion that it is come at least to the first limits of a 
phthisis (if not further).” This being the case Willis advises the use 
of remedies which will free the lungs from the “great quantity of matter” 
and at the same time remove the humors from the blood contained in 
the lung itself, or ‘transfer them to some other place than to the lungs.” 

3. “But if, beyond the state of the disease just described, plenty of 
sputum, and that discolored, shall be daily increased, and all other things 
growing worse, an entire loss of strength, and a hectic fever with a 
continual thirst, night sweats, an Hippocratical face, an utter loss of 
flesh almost to the dryness of a skeleton, happen upon all these, then for 
the most part no place is left for medicine, but only a sad prognosis; 
at least all hope of a cure being lost, we must insist upon anodynes, where- 
by an easy death may be procured.” 

It is interesting to find euthanasia advocated so decidedly back in the 
seventeenth century. 

Willis is deservedly known in English medical history as a great 
reformer of pharmacology. In his day there was very little relationship 
between the disease and the means used for its cure. Antimony and 
other mineral poisons were freely administered. If one desires to learn 
the state of medical practice not only in France, but also in England, 
let him read the comedies of Moliére. ‘“‘The great dramatist had no 
use whatever for the medical profession, whose ridiculous side early 
excited his derision and against whom he seems to have cherished a 
lasting grudge, partly because of their inability to do anything for his 
own malady (consumption), and partly because he believed that they 
killed his only son and one of his bosom friends with their eternal anti- 
mony.” (Garrison.) 

Referring to the reckless manner in which the physicians of his day 
prescribed medicines and their penchant for new remedies, Willis says: 


they promise themselves presently to cure all diseases, and give them boldly 
in every case to the great injury, and not infrequently to the destruction of 
the patient; so securely and rashly are these executioners accustomed to trifle 
with human life, while they are led to the preparing or administering these 
medicines (in which always lurks some venomous sting) without any council 
or direction of method, but by mere chance and with a blind impetuosity. 


Willis did not wholly succeed in establishing a direct relationship 
between the remedy and the disease being treated. As will be seen in 
some of the following prescriptions he made a sad failure. He must not, 
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however, be too severely criticised for “‘ Willis was the first to attempt the 
reformation of this degraded state of Materia Medica.” (Berdoe.) 

Not only are there many curious prescriptions included in Willis’s 
treatment of consumption, but there is also much that is practical common 
sense. When a cough has been freshly acquired, he says it can often be 
cured by simple household remedies. In case these do not succeed, the 
patient should be placed on a low diet and carefully protected from the 
cold, by putting on heavier garments, by keeping in bed or in his room. 
Venesection is to be used rarely and only when the strength and con- 
stitution will bear it. Diaphoretics, diuretics and mild purges are often 
beneficial. 

As examples of Willis’s prescriptions, one for a mixture and one for 
pills have been selected; not because of their intrinsic worth, but because 
they illustrate the type of medicine frequently prescribed, and because 
they contain ingredients which he ought to have known were without 
effect: 


Take of the water of Snails, of Earth-worms, of each an ounce and a half: 
of the liquid Laudanum Tartarized, two drams: Syrup of Violets, an ounce. 
Dose, one spoonful at bed-time. 

Take of Millepedes or Hog-lice prepared, two drams: Powdered seeds of 
Nettles, of Burdock, of each half a dram: Oil of Nutmegs distilled, one 
scruple: Salt of Amber, half a dram: Juice of Liquorice q.s., form it into 
small pills; take three in the morning and three in the evening. 


The following are much more agreeable and, no doubt, many present 
day patients (?) would not object to similar prescriptions: 


According to the constitution of the patient, sometimes simple milk, some- 
times milk with wine, sometimes ale, or Brunswick Mum. . . . Ina 
constitution less hot, especially if there be no excessive heat of the blood or 
Praecordium, to six or seven pints of milk, add one or two pints of Canary 
wine; and in a phlegmatic or old individual, instead of milk let the menstruum 
be ale or Brunswick beer. 


The following, however, is much less attractive: 


In Winter-time when snails cannot easily or scarcely be procured, there 
may be substituted in their stead lamb’s or sheep’s lungs, also sometimes 
calves’ lung, being half boiled and cut fine, with the ingredients already 
mentioned, and a suitable menstruum being added, let them be distilled in 
common Organs, or Rose-stills. 
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The preceding remedies are stated by Willis to be best adapted for 
the treatment of incipient consumption. The disease being fully es- 
tablished ‘the therapeutical indications are chiefly these three: viz., 
in the first place to stop the dissolution of the blood, which is the root 
of all this evil, and to make provision that it does not pour out the 
matter any longer in such abundance upon the lungs. Secondly, by 
expectorating the purulent matter accumulated within the lungs, and 
to clear it out quickly and adequately (saéis). Thirdly, to strengthen and 
dry the lungs loosened from their unity (unitatem), or being too loose 
or moist or otherwise weakened (imbecilles), lest they daily become 
more impaired, and receive a greater amount of morbific matter.” 

Space will not permit of a more extended account of the remedies 
which Willis recommends. A detailed account of the treatment of a 
case of incipient tuberculosis, as given by Willis, shows that he did not 
always prescribe the drugs which have been enumerated, but that he had 
a very rational method of treatment of his own patients: 


It is now many years since I took care of a certain student, subject toa cough 
from his youth, and who was wont to frequently undergo the more painful 
affections of it, and those of long continuance. This person seemed of a 
melancholy temperament, of a sharp wit, of an indefatigable spirit, of a 
constitution inadequately strong, but because of the primary weakness of his 
lungs, did suffer when the blood dissolved into serosities. In Summer as long 
as he transpired freely, he enjoyed fair health; but in the Spring and Autumn, 
when the blood changed its temperament, those serous fluxes came upon him 
either of their own accord or from any slight occasion, and he fell easily into a 
cough with abundant and thick sputum; however, this condition frequently 
within six or seven days, as soon as the mass of blood (cruoris) was cleansed 
(expurgatur) by the lungs, gradually disappeared without any great use of 
remedies. But if to the above attacks of the disease some stronger causes 
were added, as chiefly the obstruction of the pores, and errors of diet, sometimes 
a more excessive and stubborn cough, neither immediately nor easily yielding 
to remedies and threatening nothing less than a phthisis did come upon him, 
then certainly the patient for the first days suffered slight shiverings in his 
whole body, and the sensation of a catarrh in his larynx; afterwards by fre- 
quent coughing with thin sputum, together with dizziness, he suffered from a 
sensation of numbness and a dropping at his nose (narium stillicidio). 

In this condition his best remedy was, and frequently tried with success, to 
drink a little more freely an excellent quality of wine, and other liquors very 
sparingly: in this manner the acidity and fluor of the blood being suppressed, 
and transpiration procured more freely, he was in a short time convalescent. 
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Moreover, at night and early in the morning he was accustomed to take seven 
or eight drops of the tincture of sulphur in a spoonful of the syrup of violets, 
or of the juice of ground ivy. 

At times this treatment and a well regulated diet did not bring relief, 
and 
the disease not being cured, extending over a long period and pressing him 
sharply for many weeks, at times for months, it reduced him to a remarkable 
thinness, and to the very brink of the grave. For the cough, increasing daily 
and being very troublesome, did very much impede and break his sleep, his 
strength languished, his appetite was lost, heat and thirst oppressed him; in 
the mean time his sputum increased daily and was expectorated in great quan- 
tity; . . . . moreover his breathing was difficult, his joints weak, and 
his flesh much reduced. 


To relieve his thirst Willis allowed him to drink freely of an infusion, 
the principle ingredients of which were China root, sarsaparilla, and white 
and yellow sandalwood. 


In the midst of this course of treatment, although he had a weak pulse and 
a subnormal temperature (¢emperamento frigidore) we breathed a vein in his 
arm. But, with these remedies, he derived the greatest help from the open 
air (ab aere aprico), which for the most part he daily enjoyed, either by riding 
on horse-back or in a coach; for from this time he first began to recover his 
appetite, his digestion, and his sleep; following this there was a gradual 
relaxation of his other symptoms, till at length he recovered his entire health. 
Since then as often as he was afflicted with a stubborn and tedious cough, he 
made use of a similar method and with like success; and now, although he 
lives quite exempt from the disease, he is careful to avoid all occasions whereby 
either the pores might be shut, or the flux of blood or its precipitation into 
serosities might be provoked. 


It would be exceedingly interesting to give in detail Willis’s Praefatio 
to the second part of his Pharmaceutice Rationalis, for it shows so clearly 
the spirit which actuated him in his studies. He realized that what he 
considered necessary to be done “‘is more than the task of one man or 
generation;” and, although three centuries have passed, many of the 
things he desired to do still remain unfinished. 

Three characteristics deserve special mention in connection with 
Willis’s work on Phthisis: 

1. He studied both the macroscopic and the microscopic structure of 
the lung. As the result of these studies he gave a description of the 
lung which was superior to any preceding description. 
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2. He made numerous autopsies and endeavored by combining his 
clinical with his postmortem observations to obtain a better knowledge 
of the pathology of the disease, anticipating Morgagni by nearly a cen- 
tury. 

3. He observed carefully the effect of the remedies used and formulated 
a method of treatment which anticipated the modern “open air’’ treat- 
ment of incipient tuberculosis. 

In concluding I can give no better estimate of Willis, the man, than 
that given by Hirsch, who says, “As an anatomist, physiologist, and 
practising physician, and at the same time celebrated man, Thomas 
Willis occupies the first rank.”’ 
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BREHMER AND DETTWEILER 


A REVIEW OF THEIR METHODS OF TREATMENT OF PULMONARY 
TUBERCULOSIS 


HUGH M. KINGHORN 


Saranac Lake, New York 


The three pioneers in the modern treatment of pulmonary tuberculosis 
were Brehmer, Dettweiler, and Trudeau. They all used rest and ex- 
ercise as essential factors in treatment, although their views with re- 
gard to these did not agree. It is necessary to examine the methods 
and the development of treatment of each of these men in order to fully 
understand the modern treatment of this disease. Inasmuch as Brehmer 
was the first great figure in the modern method of treatment, I shall 
deal with him first. 


HERMANN BREHMER 


Hermann Brehmer was born in 1826 and began his active career in 
1854. It was due to his dominant personality and energetic will that 
we now see such brilliant results of his work. He had many difficulties 
to overcome, and his whole life was a constant struggle to convince the 
medical profession that tuberculosis is a curable disease and that his 
methods were sound. 

When he began to practise, the view was firmly established everywhere 
that a person who showed evidence of pulmonary tuberculosis was 
doomed to death. We must also remember that medical methods of 
investigation were then not nearly so accurate as they are to-day, so 
that the physician was often not much earlier in making a diagnosis of 
phthisis than the patient himself and his friends. Pulmonary hemor- 
rhages, marked emaciation and hectic appearance were usually the first 
symptoms for which the patient consulted the physician, and as a rule 
he was then, even in the most favorable cases, in the second, often in 
the third stage of the disease. 

As a result of Rokitansky’s findings that ninety per cent of those who 
had not died of tuberculosis had healed tuberculous lesions within the 
normal lung tissue, Brehmer started to investigate the causes of these 
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spontaneous cures. He concluded that it would be possible to get healing 
of tubercle in the form of scar formation, calcification, and adhesions, 
before disintegration and destruction of lung tissue with their accompany- 
ing harmful effects on the whole body had set in. He believed that the 
disproportionately large size of the phthisical lung as well as the small 
heart of the consumptive and, as a result, the deficient circulation of 
blood in the human lung comprised the cause of pulmonary tuberculosis. 

In 1853 in his inaugural address he made the statement, ‘‘ Pulmonary 
tuberculosis is curable.” This was received with much scepticism and 
he met with much opposition from many physicians on account of his 
new teaching. In spite of this a Hannoverian practising physician, 
convinced of the truth of Brehmer’s theories, sent him patients. 

As he was young and had only limited means, the opportunity was not 
given him to test his theory of the curability of pulmonary tuberculosis 
in practice and to make an estimate of it on a large amount of clinical 
material. Accident, however, led him, a son of Silesia, into the idyllic 
mountain valley of Gérbersdorf, which at that time was entirely un- 
known. Gérbersdorf is a little village in what was then the Prussian prov- 
ince of Silesia, Germany, and is situated in a mountain valley 1715 feet 
above sea level. 

In 1849 Marie von Colomb, the eldest sister of Brehmer’s first wife, 
established a small hydropathic institution in Gérbersdorf. For a time 
this was supported by Brehmer. When, however, he found that it could 
not exist as such, he took it over and began his life-work to demonstrate 
his theories. The beginning was very hard. He began with a few 
patients, with one cow to furnish milk for them, and a lean horse to fetch 
coal from a distant place and patients from the station. The establish- 
ment consisted of a modest little cottage. For some time he had great 
trouble to keep the sheriff from taking his cow and horse, so hard was it 
for him to make both ends meet. After a few years, however, his great 
work became known, and physicians and patients flocked to Gérbersdorf 
to be taught and treated by him. 

A new problem now developed. He planned to make Géorbersdorf a 
world health resort, but found almost insurmountable obstacles in the 
petty spirit of the natives of the village where he had distributed his 
patients in private houses. He, therefore, decided to build a Kurhaus 
with forty rooms. This would also contain entertainment rooms and 
kitchens. At this time this was an unheard of and luxurious undertak- 
ing. He raised the money with great difficulty. When the structure 
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of the present old Kurhaus had reached the first floor, heavy rains set in 
and the entire building collapsed. He began again to build it and in 
1862 the Alte Kurhaus was finally finished. In the course of time more 
buildings were added and in the early eighties a new Kurhaus for an 
additional sixty beds was built. 

In a certain sense Brehmer was a pupil of Preissnitz, whose methods 
of treatment he had learned while a student during a holiday visit at 
Grafenberg. He, therefore, included hydrotherapy as a large factor in 
his plan of treatment and devised the forest douche (Walddusche). 
For this the patient had to ascend each morning to the Walddusche. 
He was then douched with a very strong stream of water which fell from 
the height of five metres and which was of the thickness of the thumb. 
This lasted up to thirty seconds and the water was ice cold. The patient 
was then rubbed dry. To-day no physician would dare to offer his 
patients such heroic treatment, but Brehmer superintended the douche 
himself and overcame all the objections of the patients to using ice cold 
water. In his Therapie der Lungenschwindsucht he wrote: 


The water of the douches must be cold and fall with considerable force. 
The stream must form an even, homogeneous column which should have the 
same diameter above and below. The majority of douches do not meet 
this requirement; patients have previously been subjected to merely a 
sprinkling, but not to a powerful douche. With most douches the water pipes 
are so tortuous that the force of the water is almost exhausted before the water 
strikes its object. The size of the openings for the spray is also not such as 
to secure equally favorable results. The douche is also of particular value 
for pleuritic exudates, which are very quickly absorbed under its influence. 
It is, however, a dangerous remedy and should be administered only by the 
physician. 


In addition to this hydrotherapeutic building, he put up an obser- 
vatory for meteorological observations, since wind, humidity and tem- 
perature and barometric changes exerted, according to his view, far reach- 
ing influences on the condition of the pulmonary invalid. He fitted out 
the observatory with expensive pieces of apparatus and this part of his 
work gave him great enjoyment, as he had been a natural scientist and 
mathematician before he began to study medicine. 

He also had a large laboratory which trained a large number of physi- 
cians, who afterwards became famous; for instance, Petri, Cornet, 
Kobert, Czaplewski, Méller, Kohler, Cibulski, and others. Fliigge said, 
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“Hardly in any other scientific institution where work is done have 
Koch’s experiments been repeated so extensively and with such thorough- 
ness as in the institution at Gorbersdorf.” 

Upon the discovery of the tubercle bacillus it was immediately clear 
to Brehmer that this could be of far reaching significance to his entire 
undertaking. For, after Koch’s discovery became more widely known, 
a vigorous agitation set in against Goérbersdorf, against Brehmer and his 
views, and chiefly against the institutional treatment of tuberculosis. 
Since the contagious character of the disease was established, it was be- 
lieved that cure was impossible in an institution, on account of the con- 
stantly recurring infection with tubercle bacilli. Bacteriology completed 
Brehmer’s views. Now, no disproportion of heart and lung leads to 
tuberculosis because of poor nutrition of the lungs, but besides disposition 
a pathogenic agent is necessary, namely, the tubercle bacillus. In 
order to meet the opposition to sanatoria he established a very perfect 
system of disinfection and thus overcame this antagonism. 

Brehmer is preéminently known by his treatment of pulmonary tuber- 
culosis in closed institutions. He was the originator of institutional 
therapy, although sanatorium treatment now differs in many respects 
from the original method. Treatment and observation of pulmonary 
patients in a sanatorium built for this purpose, which admits only lung 
patients, situated in a suitable climate, with abundant nourishment, 
fresh air treatment and hydrotherapy,—these were the basic principles 
of Brehmer’s therapy, which are still of value to a very large degree. 

Dettweiler, who was at first a patient and later an assistant of Brehmer, 
established a sanatorium at Falkenstein, and, soon after he began his 
work there, differences of opinion between him and Brehmer arose. 
He did not accept Brehmer’s theory of ‘‘too small a heart.” He con- 
sidered that Brehmer did not place sufficient value upon the regimen 
of the institution, which, according to Dettweiler, together with 
education in healthy habits of living, formed the most important factor 
in treatment. In answer, Brehmer said, “They have learned in the in- 
stitution how to live and what to avoid.” The local conditions at 
Goérbersdorf were against strict regimen. At the height of the season 
the place was overcrowded with patients undergoing treatment, and 
control of them was impossible. In addition there was no rest cure 
(Liegekur) and thus no daily meeting between physician and patient. 
There was also no compulsion to see the physician and thus it was im- 
possible for the latter to be responsible for the patient’s behavior. Medi- 
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cal treatment was not included with the board, but the physician sent in 
his account at the end of the patient’s cure. According to Dettweiler, 
Brehmer did not hold regular office hours until the last few years of his 
life. Up to that time, he could only be seen professionally at the douche 
hours, which he personally supervised until he died. In his time, the 
relation between physician and patient was such that the latter could 
call upon the former at any time, but he was not forced to act according 
to the physician’s advice. 

There were other serious differences of opinion between Brehmer and 
other physicians, especially Dettweiler, because Brehmer believed that 
there were localities which were “immune” against tuberculosis, and 
that only such localities were suitable for the treatment of this disease. 
Dettweiler’s view was opposed to this. According to him it did not 
matter where one treated tuberculous patients. What mattered was 
how it was done. 

Brehmer’s advocacy of abundant feeding is to-day still a factor in 
treatment, although we no longer go to such extremes. His use of 
strong wine, especially of Hungarian wine and of cognac, was much less 
than was usual at that time in the treatment of tuberculosis. 

He introduced the open air treatment but did not favor Liegehallen. 
He called them overcrowded rooms without the fourth wall. Dettweiler 
introduced the Liegekur (cure in a reclining chair). The Liegehalle, 
however, possesses the great advantage that even the most thoughtless 
patient is obliged to take the cure. For many patients, also, it is easier 
to take the cure in company. The absence of Liegehalle at Gorbersdorf 
was a drawback. The absence of the Liegekur (rest cure) in his time 
at Gorbersdorf permitted many patients with fever to walk around in 
the open air. According to our present views, this did much harm. 

If Brehmer’s treatment of fever cases was not complete, he was 
nevertheless the first to demand and carry out a regular two hour 
measurement of temperature. He was very accurate in his temperature 
observations and had rectal or axillary temperatures taken, not mouth 
temperature, and a two hour temperature recorded, at first during rest 
in bed. In his time, however, the clinical therometer was much more 
cumbersome than it is to-day and a rectal temperature was necessary for 
accuracy. 

The first edition of his work was published in 1857 (Die chronische 
Lungenschwindsucht und Tuberkulose der Lunge, Th. Chr. Fr. Enslin, 
Berlin) and was completely ignored by the medical journals. The 
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Wiener medizinische Wochenschrift was the only medical publication that 
reviewed it and its criticism was unfavorable. In 1869 he published 
the second edition with the same title and by the same publisher. His 
principles of treatment by this time had become more fixed, and the 
results were now very numerous and exceedingly favorable. 

He took as a basis for his treatment the assumption that tuberculosis 
is caused by a relatively small heart, an insufficient blood supply to the 
lungs, and a lack of nutrition to the whole body. At this time (1869) 
his treatment was as follows: He considered it to be essential that 
treatment should have as its aim good nourishing food. Inasmuch as 
man is neither carnivorous nor herbivorous, the diet should be a mixed 
one with plenty of vegetables. He claimed that it has not been proved 
that eating increases fever. In his sanatorium, patients had from five 
to seven meals in twenty-four hours. Frequent meals of moderate 
quantity were considered better for delicate stomachs than less frequent 
large meals. 

Wine was an important article of diet and Hungarian wine was pre- 
ferred above all others, because of its high percentage of phosphates of 
lime and magnesium. Through its alcoholic content, it was thought to 
lessen the wasting of the consumptive, and through its phosphate of 
lime assist in building up tissue. The usefulness of wine was not limited 
to its value in diet. It was used to combat the chills of hectic fever and 
to moderate the resulting high fever. Cognac was also used for night 
sweats. Brehmer gave such patients two teaspoonfuls of cognac to a 
glass of milk on retiring and the results were excellent. 

Of equal importance with the strong nourishing diet was the use of 
fresh air which was so very much neglected and which cannot be recom- 
mended too strongly. Without this the best diet may produce no result. 
The patient should be constantly in the open air. This has been prac- 
tically the only reason why patients are sent to Southern health resorts. 
Already, at this time in England, Cormac allowed his patients to sleep 
with open windows, not only in summer but also in winter. It was 
only prejudice which made patients think that night air was harmful. 
It is of importance to emphasize this fact which Brehmer insisted upon 
at this time, namely, that night air is not harmful. 

Another factor, which he added to nourishing diet and fresh air, was 
increased activity of the skin. For this purpose he had employed damp 
rubs since 1854. These produced not only increased activity of the skin 
but also an increased physiological frequency of the pulse. Rain baths 
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were also used, either alone or followed by a stream douche (Strahlen- 
dusche). The rain bath (Regenbad) was a douche so adjusted that the 
water fell on the patient as rain. With regard to its danger, Brehmer 
said that there is no more senseless fear than that it can cause hemor- 
rhage. Inthe almost one hundred thousand douches he had given until 
then, he had never seen hemorrhage as a result, although he had often 
seen brilliant effects from its use in cases which were spitting blood. It is 
a remedy which should not be left to the hands of an assistant (Diener), 
but should be directed by the physician himself. The duration varies 
from five to forty-five seconds and is determined by the condition of the 
patient. They should, therefore, be instructed to communicate any 
change in their condition before they take the douche. 

Immediately after the rain bath, the skin is more active and the 
patient feels very much better. Its most striking action is seen as a 
specific remedy for hectic fever. If given at the right time, at the on- 
set of the chill, it will retard it and shorten its duration, and within a 
short time entirely do away with it. 

Although he considered the rain baths as an excellent remedy for pul- 
monary tuberculosis in general, yet they are not necessary inmany cases. 
The Strahlendusche, when used for caseous infiltration of the lungs, 
favors absorption of this in a remarkable degree in many cases, and 
thus cures. It cannot be used in all cases and is absolutely contraindi- 
cated in all cases in which, immediately after its use, there is no reaction 
and no feeling of warmth, and where the patient is unable to produce 
the necessary amount of warmth in order to replace its loss. 

He found that those patients, who continued the use of rain baths at 
home during the winter, got through the winter very much better than 
those who did either nothing for the activity of the skin or else only 
used rubs. 

With regard to the douche, it should be observed that it can only 
act if the water falls with a certain strength or pressure and if the stream 
remains completely concentrated until it reaches the ground. All 
douches, of which the water falls free and the streams are dispersed, 
are ineffectual, even if the source be ever so high above the douche 
room. 

With liberal diet, fresh air, suitable exercise in the open air, mental 
rest and baths which are supervised in order to produce a greateractivity 
of the skin, we will get a result in many cases in the treatment of phthisis 
which are not too far advanced. 
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With the above method of treatment, it cannot be said that every 
patient is cured. Improvement and cure are not identical. Cure can 
only result if the condition of the patient is suitable for it and if he will 
give the necessary time to it. The latter usually does not occur, as 
the majority are satisfied with improvement. To these requirements 
for cure Brehmer adds another which he considers as essential, namely, 
the lessened air pressure which is obtained from mountain air. 

He considered it to be essential for patients to be in the open air 
as much as possible, so as to enjoy the fresh air, whether they take this 
in the form of walking exercise or driving. They should be sent only 
to those mouutain valleys which are free from pulmonary tuberculosis 
and sheltered from winds and surrounded as much as possible on all 
sides by mountains. Gérbersdorf possessed all these advantages. . 

Until the year 1869, Brehmer had treated 958 patients in his sana- 
torium and 315 of these were in the stage of “‘colloquation.” Only 
47, or 4.8 per cent, of these died at Gérbersdorf. On the other hand, 
20 per cent were permanently cured, in spite of an average duration of 
sanatorium treatment of only eighty-six days. 

With regard to the duration of treatment, he said that this should be 
continued until the disease was cured. This will depend upon the 
grade of the disease and upon the general constitution of the patient. 
A recent case can be treated much more easily than a chronic one. The 
sicker the patients, the more unfavorable they are. 

What to do with the patients during the winter was the problem now 
(1869) presenting itself. At first no one thought that they could remain 
in the mountain valley during the winter months. It was assumed by 
everybody that they would be cut off from all social intercourse in winter 
and would have to keep to their rooms throughout the entire day, and 
thus would not take the aircure. It was found, however, that the winter 
weather in the mountains was capable of allowing patients to take their 
exercise with great regularity. They were unable to get any mountain 
climbing on account of the deep snow, but the other curative agencies 
offset this disadvantage. It was considered absolutely necessary for 
these patients to get their rain baths throughout the winter, but in a 
well heated room. At this time Brehmer was also building glass enclosed 
verandas so that the patients could take their walks. 

An important point with regard to exercise is cited by Brehmer, 
namely, that Bennett of Mentone was already warning his patients 
against too much exercise and the danger of walking themselves to 
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death. It is thus seen that doubts were already beginning to arise as 
to whether exercise was not being pushed to too extreme a degree. 

In order fully to understand Brehmer’s treatment at this time (1869), 
I may give some of his case reports: 


Case IT. (page 322, second edition) Male, twenty years of age, two years pre- 
viously had had a hemorrhage. Percussion full and clear throughout. Aus- 
cultation, right front to third rib, weaker vesicular breathing than on left, and 
prolonged expiratory sound. Sputum sparse and slimy. Treatment, much 
exercise in the open air, rubs, later rain baths, the Strahlendusche on the right 
side of the thorax. The patient remained a little less than five months and 
then had no physical signs. Eight years later he was in excellent health. 

Case III. (page 324) Male twenty years of age, sick for three or four years. 
Physical examination showed a light and full percussion tone, but weaker 
than normal, and on auscultation there was heard indefimite vesicular breathing 
with prolonged expiration on the left to the third rib and on the right in the 
supraclavicular fossa. Treatment: moderate exercise, mountain climbing, 
rain baths of thirty seconds. The patient was cured at the end of four months, 
and remained well and later entered military service. 

Case IX. Male, aged thirty-six years, hemoptyses in 1855 and 1860. 
On examination he had slight cough and little expectoration. Percussion 
was normal both front and back on the right side; on the left side in front it 
was duller and fuller to the second rib than on the right and the same behind 
in the supraspinous fossa. Auscultation, vesicular on the right both in front 
and behind; on the left, in the supraclavicular region and supraspinous fossa, 
weak, bronchial and indefinite to the second rib; from there downwards, how- 
ever, vesicular breathing. Treatment: the usual exercise, Rhine wine, and a 
rain bath of sixty seconds’ duration. The patient was cured at the end of two 
months and has remained well for seven years. 

Case X. Male, thirty-three years of age, very emaciated. Entered the 
sanatorium in May, 1859. He had repeated hemorrhages from 1857 to 1859. 
Examination: short cough, sputum slimy and purulent, quantity about one 
tablespoonful. Percussion: on the left side over the entire front there was 
light, and in some places particularly over the upper part, a distinctly tympa- 
nitic sound. On the right side in front down to the third rib there was a dull 
sound and from there downwards a full and clear sound. On auscultation 
there was heard cavernous breathing over the entire left side, and over the 
upper part of the left side large consonating rales; on the right side there was 
heard bronchial breathing to the third rib and from there downwards weak 
vesicular breathing. Treatment: the patient remained four months. Treat- 
ment was as usual. In spite of the tendency to hemorrhages, mountain 
climbing was not forbidden him, but as soon as his strength allowed it, this was 
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ordered. In the winter of 1859-1860 he had a slight hemoptysis. In the 
winter of 1860-1861 he was able to take long walks, even for several hours 
at a time. He died several years later as a result of dissipation. 

Case XI. Male, age fifty-two years, hemorrhage in 1851 following “grippe.” 
This was followed by cough and copious purulent expectoration. In 1855 
he had pains in the kidney region with catarrh of the bladder and occasionally 
blood in the urine. In 1859 he again had pulmonary hemorrhages. In 
June 1869 his condition was as follows: A powerfully built but emaciated man 
whose whole impression was bad. ‘The thorax is paralytic; above and be- 
low the right clavicle there are deep depressions; the intercostal spaces are 
wide; inspiration superficial; and under the right nipple pain on deep inspira- 
tion; respirations twenty-four.” Percussion, normal over the entire front and 
back of the left chest. On the right side there was an empty and light sound 
down to the second rib in front, and likewise behind in the supraspinous 
fossa. Auscultation was vesicular over the whole left side; on the right side 
in front over the supra and infraclavicular region there was bronchial breath- 
ing, weak bronchophony, and loud, small, bubbling, consonating rfles. These 
were also present in the supraspinous fossa. There was also indefinite breath- 
ing to the third rib and vesicular breathing from there down. Treatment was 
almost the same as with the other patients, except that more exercise was or- 
dered in the fir forest. Within a short time he was able to ascend the Reich- 
macher twice daily without getting tired. In all, he took about six to seven 
hours’ walking exercise in all kinds of weather. In two months his expectora- 
tion had almost entirely disappeared. He remained in the sanatorium for three 
months. A-dry cough was the only symptom of disease which remained. 
This also disappeared within four months by the continued use of the rain 
bath. He has remained well for eight years. 

Note—The Reichmacher is a mountain one thousand feet higher than 
Gorbersdorf. Healthy people make the ascent in half an hour. It is this 
mountain which Brehmer’s patients had to ascend in order to receive the 
Strahlendusche from him. 


These case reports are sufficient to give us a good idea of the class of 
cases which Brehmer was treating at this time and the kind of treatment 
employed. 

In 1889 Brehmer published the second edition of his book Die Therapie 
der chronischen Lungenschwindsucht (published by J. F. Bergmann, 
Wiesbaden). It is of importance to examine his methods as described 
at this time. 

When he began his work and made the assertion that pulmonary tu- 
berculosis is curable, he was laughed at and called a charlatan. By 
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1889 every clinical professor taught the curability of phthisis, at least 
theoretically. 

To bring about cure, he considered that certain conditions are necessary, 
and the first integral condition of his method of treatment is the closed 
sanatorium, that is, the closed sanatorium which takes only tuberculous 
patients, so that other diseases are treated only when these patients are 
suffering from them or develop them later. 

A further cardinal point in his method of treatment consisted in the 
proper selection of a place for the sanatorium. He assumed that in 
phthisis it was necessary to lessen the disproportion between heart and 
lung function, either by increasing the substance of the heart or increas- 
ing its driving power. Therefore, every sanatorium for pulmonary 
tuberculosis should be in the mountains, because the diminished pressure 
of mountain air exercises this influence, since it increases the frequency 
of the heart beat physiologically, and strengthens and enlarges the 
heart muscle through this regular, increased contraction. The heart 
muscle is further strengthened because it assimilates more nourishing 
material, for it is an almost uniform effect of life in the mountains that 
the appetite is usually immediately increased. 

Generally speaking, it cannot be determined to what degree the air 
pressure must be lessened, that is, how high the locality must be situated 
in order to obtain the desired result. No mistake will be made if we say 
that the air pressure must be so lessened that under its influence, in 
association with other climatic factors, the inhabitants who were born 
in the locality are free from tuberculosis, that is, that the place must 
be “immune” to the disease. 

Dettweiler opposed Brehmer’s view that there are places that are 
immune to tuberculosis (Dettweiler, Behandlung der Lungenschwind- 
sucht, 1884, p. 23). He said that there are no specific properties of air 
which we have to thank for their favorable action on tuberculosis, but 
that the use of pure, fresh, and not too warm, air is a chief curative 
measure. To-day we know that Dettweiler’s view was the correct one 
and that there are no places immune to tuberculosis. 

It is interesting to see what great importance Brehmer came to place 
upon supervised exercise. In the earlier treatment, which I have de- 
scribed, he advised mountain climbing in rather an indefinite way. The 
exercise was not strictly supervised. He now (1889) says that perhaps 
the most important factors in the treatment of pulmonary tuberculosis 
are the walks and grounds of a sanatorium. 
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We wish to strengthen the heart muscle, even to increase its amount. 
The muscular substance is increased by exercise. We must therefore 
exercise the heart muscle, and this exercise is best carried out by walking 
exercise. Moderate physical exercise increases heart action and pre- 
vents accumulation of fat. At the same time we must always remember 
that we are dealing with a weak, not normal heart. Care must be taken 
that the heart is not fatigued by the physical exercise, for every tiring 
of the muscle means harm to it. 

I wish particularly to emphasise the following views which Brehmer 
had with regard to exercise: It will be seen that he is now much more 
careful of his supervision than in 1869. He now states that every form 
of fatigue is harmful to the tuberculous patient and that every form of 
fatigue of the heart is poison tohim. The promenades for consumptives 
must be so arranged that patients cannot become tired and that thereby 
every fatigue to the heart and overstrain of the lung is excluded. For 
the first purpose there must be paths with different but never abrupt 
ascents. For the latter purpose the opportunity must be offered to 
patients to rest themselves at any time, before they observe any kind 
of tax or discomfort, whether these be from heart or lung. There must 
be many benches on the promenade walks, on which the patients can 
rest themselves. The institution must provide these measures. Their 
use is for the patient, on whose judgment and by whose correct em- 
ployment so much of the success of the treatment depends. 

He then refers to the fact that the literature advises that the physician 
should prescribe and supervise the amount of exercise. He says that the 
physician does not do it, because he is quite unable to visit his patients 
before breakfast in order to give them their directions. He would have 
to visit the first one very early and disturb his sleep. According to his 
view it would also be incorrect for the following reasons: Everybody 
is different to-day from what he was yesterday; what is easy for him 
to-day may be harder for him to-morrow. This occurs to a higher 
degree with sick people. Exercise must be in accordance with the strength 
of the patient and the condition of the disease at the time. This is most 
important, in order to strengthen the heart gradually by exercise, with 
avoidance of every fatigue, and to guard the lungs from every overexer- 
tion. Only the patient himself can determine the amount of this ex- 
ercise, for he learns to watch himself every minute, so as not to tire him- 
self or even to tax himself. 
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His instructions to the patient from the day of his arrival were as 
follows: That he should be as much as possible in the open air, particu- 
larly in the forest or in its neighborhood, wherever his wishes led him; 
that he should therefore take walking exercise, and that this exercise at 
first should be on level paths; that he must regulate this himself; that 
he must never tire himself and never put the lungs to forced activity; 
that in the evening when he goes to bed he should not be aware of the 
fact that he has walked. The task to take plenty of exercise and never 
to become tired is solved by his never placing behind him a large extent 
of country, but always to become thoroughly rested before he observes 
any kind of fatigue. The patient must do exactly the opposite to the 
healthy man who rests when he becomes tired, for the lung patient must 
rest although he is not tired. He merely sits down, because he is ordered, 
so that he cannot get tired. Brehmer also instructed every patient that 
he must always walk without having a fixed goal, because of the danger 
of exceeding his strength and thereby tiring himself. He also told the 
patients that they must remain exclusively on the grounds of the sana- 
torium while on their walks, because it was only there that they would 
find smooth artificial paths with slight ascent and continuous benches 
even up the mountains, where they could rest themselves at any time. 
In addition, he made the patients pay attention that they should never 
walk rapidly, because fast walking causes shortness of breath through 
violent heart action, and taxes the lungs. The patient must go slowly, 
must keep mouth closed, and quietly inhale and exhale through the 
nose. 

Under no condition should he breathe so deeply, in order to introduce 
as much pure air as possible into the diseased lung, that he thus prac- 
tises lung gymnastics. Volland in Davos-Dorfli has directed attention 
for a long time to the harmfulness of these lung gymnastics, and Lie- 
bermeister has recently done the same thing. The lung is the diseased 
organ which should not be taxed, at least not more than is necessary for 
physiological purposes. Inasmuch, then, as every exercise reacts on 
breathing, many benches were placed on all the walks, even on the so 
called “level paths”, and resting places were thus made, so that the 
patient could rest himself whenever he wished. ‘Level paths” is a 
very relative term if one does not specify the conditions of ascent. The 
promenade walks made on the grounds, even on the mountains, are 
relatively level paths, which even in their greatest ascent are not steeper 
than some paths in health resorts for lung patients from the principal 
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street to the rest houses. For example, a path to a point whichliesone 
hundred and twenty feet higher than the institution is about thirty-two 
hundred feet long; the gradient is therefore 1 to 27. This path is up- 
grade and yet it is perhaps less steep than the level paths in the Swiss 
health resorts. We therefore see that mountain climbing on Brehmer’s 
regulated paths and mountain climbing in Switzerland are two very 
different things. Real mountain climbing on the usual mountain paths 
should never be undertaken without medical permission. Very many 
patients left Gérbersdorf with a good result without ever having ascended 
a mountain in this sense. 

The arrangements of the institution should provide that the patient 
may rest as soon as he wishes. It can be ascribed to this that of about 
fourteen thousand tuberculous patients Brehmer could point to only one 
case which was harmed by overexertion. This case was a physician who 
had pulmonary tuberculosis and who wished to make a mountain excursion 
by wagon. Brehmer warned him that the path was bad and that he 
would have to return on foot. <A thunder storm was also threatening. 
This was all tono purpose. The patient made the trip, reached the top 
of the mountain, and as the thunderstorm was still threatening he began 
rapidly to retrace his steps. A severe hemorrhage set in almost in front 
of his dwelling, and he died in three days. 

Brehmer believed that no path for walking should lead down hill. 
There is always the possibility thatt he patient will use such a path, and 
therefore the constant danger that he will go too far, and thus overtax 
himself on his return. An institution should therefore be at the lowest 
point of a valley and not on the slope of a mountain, so that all walks, 
except the level ones, should gently run up hill. Benches should be 
placed at regular intervals along the paths and these should constantly 
remind the patient to sit down. At Brehmer’s institution benches 
were placed at twenty paces apart along the paths, which were about 
seven kilometres long and led to the summit of a mountain which had a 
distant view. These paths were always on the grounds of the sanatorium. 
Along the promenades were little pavilions where patients might find 
shelter in bad weather and where they might rest. In this way it was 
possible for patients to exercise even in bad weather, and they were 
allowed to go out in almost all kinds of weather except when there were 
heavy winds. 

Since my object is to examine his method of using rest and exercise, 
I shall not describe Brehmer’s method of treating fever. He found, 
however, that bed rest alone frequently overcame chills and fever. He 
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mentions having kept one patient in bed for seven months on account 
of fever. This is interesting, because we see that he used complete bed 
rest treatment with fever cases, although he does not indicate that he 
used rest treatment for afebrile cases. Up to this time, however, he had 
not grasped the full value of rest treatment. For instance, in his treat- 
ment of chills and fever he mentions that the chill occurs in many cases 
after the patient gets up and dresses. In these cases it was most important 
to keep the patient in bed for at least an hour longer than the chill 
lasted the previous day. It was then important for the patient to 
drink a glass of hot grog or wine, one-half hour before he got up. 
Frequently, through bed rest alone, it was possible to avoid the chill; 
but also frequently not. From the above it is clearly seen that his rest 
treatment for chills and fever was very imperfect. He did not continue 
bed rest treatment long enough with fever cases, but would let these get 
up too soon. 

An examination of Brehmer’s treatment shows that no particular 
emphasis is placed on rest treatment. He did not employ it in a thorough 
manner with his fever cases, although it was used on these to a moderate 
extent. His method of using exercise treatment became very much 
modified from 1869 to 1889. In 1869 mountain climbing was advised 
as a routine treatment, as is seen in some of the case reports which I 
have given. In 1889 we see that he used extreme care with exercise. 
All this shows the influence which Dettweiler, with his reclining treat- 
ment, was having on Brehmer. The latter evidently did not wish to 
acknowledge this, but his writings clearly show it. 

To-day we know that Brehmer was not correct in some of his hypotheses. 
For instance, we know that there are no ‘‘immune” places, that is, places 
which are immune to tuberculosis. We also know that the cure of tuber- 
culosis is not confined to mountain districts, but that the disease can be 
successfully treated in any climate. We also know that the small 
weak heart and the relatively large lung are not the causes of pulmonary 
tuberculosis. At the same time he stands out as the great figure in the 
modern treatment of this disease. He is the father of the modern method 
of treatment. Dettweiler and Trudeau and the other pioneers in tuber- 
culosis work got their inspiration from him. Brehmer cured a great 
many patients of their pulmonary disease, and to accomplish this his 
method of treatment had enormous value. I think we have improved 
upon his methods, but it is a question whether any of us will have as 
many cures to our credit as he had. He died in December, 1889, at the 
age of sixty-three. 
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PETER DETTWEILER 


Peter Dettweiler was born August 4, 1837,in Wintersheim near Worms- 
and was the son of a tenant farmer. His first pulmonary hemorrhage oc- 
curred while he was a student, and he then entered upon long years of 
illness. Finally, however, he became cured of his pulmonary tuberculo- 
sis and then paid very little attention to it. He was a field physician 
during the wars of 1864, 1866 and 1870. 

His pulmonary disease sent him to Brehmer at Gérbersdorf. He 
was first a patient and later an assistant of Brehmer, and at this time his 
observations on both himself and others convinced him that pulmonary 
tuberculosis was actually curable. This idea took possession of his 
enthusiastic nature and ruled his entire life. 

As his ideas ripened they gradually became opposed to Brehmer’s. 
This led to differences of opinion and the two men finally separated. 
Dettweiler’s high opinion of Brehmer, however, was not confined to 
himself, but was passed on to his own pupils. 

Rest cure in the open air must be considered Dettweiller’s greatest 
service. He also constantly asserted that climate and elevation play 
no essential réle in the treatment of pulmonary tuberculosis. These 
views helped to vulgarize tuberculosis treatment and made possible the 
establishment of sanatoria for less wealthy classes of people. Dettweiler 
himself translated theory into practice when he established the first 
German people’s sanatorium. ‘This was first started at Falkenstein, in 
addition to the institution which was already there for the well-to-do. It 
was soon, however, removed to Ruppertshain in the Taunus mountains. 

Dettweiler got his greatest experience at the institution for the 
wealthy at Falkenstein, which also owed its prosperous existence to him. 
While he was director of the institution, from 1876 to 1895, the reputa- 
tion of the sanatorium became world-wide. In 1895 he retired from its 
administration and became a consulting physician. From his cottage 
in Cronberg in the Taunus mountains he carefully observed not only the 
doings of the institution at Falkenstein but the whole antituberculosis 
movement. Chiefly interested in the multiplication of people’s sana- 
toria, it was a great satisfaction to him to see his own practical example 
followed to such a large degree everywhere. 

He died on January 12, 1904, in Cronberg at the age of sixty-seven 
years. The cause of his death was paralysis of the heart (Herzlahmung) 
and was very unexpected. (Geheimrai Dr. Peter Detiweiler, Miinch. 
med. Wcehnschr., No. 6, February 9, 1904, Dr. Bezold, Falkenstein.) 
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Rarely has a valuable measure been so quickly accepted by the medi- 

cal profession, and with so little opposition, as the rest treatment, and 
particularly the open air-rest treatment in pulmonary tuberculosis. 
The cause of this lies in its simplicity. Although we owe to Brehmer 
the first elements of the present day treatment of phthisis, it is quite 
remarkable that he never grasped the great significance of the open air- 
rest cure. Even up to the time of his death he was unable to accept it. 

Dettweiler was a patient at the sanatorium at Gorbersdorf during the 
summer months of 1868 and 1869, and was second physician in the 
institution from March, 1870, to August, 1875, with an intermission of 
seven months due to the Franco-Prussian war. At this time the use of 
fresh air by the patients was limited to their walks, and to the abundant 
opportunities to sit in the park and forest. Both depended upon the 
strength of the patient and the atmospheric conditions which prevailed 
at the time, and which are just as changeable in the mountains of Silesia 
as in the other mountainous districts of Germany. As a consequence, 
patients were compelled to remain in their rooms for a greater part of 
the time, particularly in the unfavorable seasons of the year. These 
rooms, moreover, were not altogether suitable. Partly on the advice 
of Dettweiler, but stimulated particularly by the treatment which was 
being so successfully carried out at Davos during the winter, Brehmer 
determined to erect new buildings, so as to correct these unfavorable 
conditions as much as possible. Comfortable, hygienic and relatively 
favorable rooms were obtained, and, for the time, the new buildings 
were almost luxurious. Only the more vigorous patients, however, 
were able to brave the frequent changes of weather and take systematic 
walking and mountain climbing exercises. Very many patients became 
hardened by them. Dettweiler asserts, however, that others were 
harmed by the forced exertions and the frequent inability to sit down and 
rest when they wished to do so (Einige Bemerkungen zur Ruhe-und 
Luftliegekur bei Schwindsuchtigen, P. Detiweiler, Zeitschr. f. Tuberk., 1900, 
z, 96). Brehmer, however, states that of about fourteen thousand 
tuberculosis patients he could point to only one case which was harmed 
by overexertion of the heart, and that this patient suffered harm and 
afterwards died as a result of disobeying orders. 

While Dettweiler was in Brehmer’s institution he was suffering from 
pulmonary tuberculosis and had abundant opportunity to observe a 
great many patients. He soon concluded that ‘‘the consumptive is a 
physical and usually a nervous weakling, and needs much more rest than 
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one ordinarily takes.”” Proceeding from this viewpoint he began to use the 
hammock in the summer of 1868. In the war of 1864 he had used it 
with great benefit. Hammocks were soon used during the good summer 
months by numerous other German health resorts. 

Brehmer and Dettweiler, however, did not at this time think of a 
continuous open air-rest treatment during the late months of the year. 
It still needed many experiences and a slow ripening of his judgment in 
the first years of his management at Falkenstein, before Dettweiler had the 
courage, at the end of 1879 and the beginning of 1880, to make his first 
serious attempts at a real permanent open air treatment, even in the 
so called bad seasons of the year (late autumn, winter and early spring). 
He began with some very sick patients whose continued confinement 
to bed in their rooms seemed to be very painful and unsuitable, and he 
hoped to influence the fever favorably by means of cold air. These 
patients were preferably intelligent and tractable women, and they 
encouraged him to carry out the experiment during the first winter. 

At first beds were used from the patients’ own rooms. However, 
as soon as the beneficial results of the new procedure were evident in 
the great majority of cases, he proceeded to make methodical arrange- 
ments for the open air-rest treatment, to which also the more vigorous 
patients would now be subjected. The wooden porch was torn down 
and renovated in iron and glass. Soon a second one of similar con- 
struction was erected. He also built several large garden pavilions which 
were protected from the wind. These were all near the house at the 
entrance to the park. 

As regards the winter treatment at Gérbersdorf, and in the first years 
at Falkenstein, both Brehmer and Dettweiler were satisfied with im- 
provement in the medium grades of the disease in the majority of patients 
of the more robust class who bore the walking and mountain climbing 
exercises and the inclemency of the weather favorably. With many of 
the distinctly advanced cases they were satisfied if these passed the 
winter tolerably well and without particular damage. Later on at Fal- 
kenstein, by further perfection of the method, through constant supervi- 
sion and instruction even to the most minute detail and by the extraor- 
dinary results of the prolonged open air-rest treatment, Dettweiler’s views 
completely changed with regard to winter treatment. 

The claims of success by Dettweiler and his associates, and by patients 
as well, increased, and they all became more and more convinced that 
the winter treatment was just as effective as that of the summer. 
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A thing which was particularly significant to Dettweiler was the 
education and better supervision of the patient by the physician, which 
were first made possible and easy by his treatment. He constantly 
criticized Brehmer for the latter’s laxness in the supervision of patients. 
Brehmer’s patients visited him professionally when they wished, and 
not at stated times, and it was not until the last years of his life that he 
remedied this. In the limited time of a visit to a sick room, Dettweiler 
found it very difficult to give the necessary instructions. These were 
best and most easily given during the daily visits of the physicians in 
the rest pavilions. This was a long open gallery protected against rain 
and inclement weather. He believed that by the general employment of 
his methods the existing climatic and geographical limitations which 
had existed until then must pass away; in other words, that the success- 
ful treatment of the disease could be carried out anywhere, and that it 
was not restricted to mountain regions. In this he was entirely opposed 
to Brehmer and the Davos physicians, who insisted that pulmonary 
tuberculosis could be successfully treated only in high mountain regions. 

Dettweiler’s view was completelyc onfirmed by the surprising results 
of the sanatoria in the mountains with only a moderate elevation, and 
of those at low levels, and later by the proof at Falkenstein that changes 
in weather had no observable influence on the course of the disease. 
His assertion made very early in his career, that the consumptive could 
be treated with great benefit in his own home climate under suitable 
open air treatment, has since been completely confirmed. 


It may be of value to describe Dettweiler’s treatment with some detail. 
He considered the most extensive sojourn in the fresh air, prolonged 
fresh air baths, as the most powerful remedy which we possess. A 
sick man can be hardened by fresh air if subjected to it for a sufficient 
length of time (Behandlung der Lungenschwindsucht, P. Dettweiler, 
Verlag von Georg Reimer, Berlin, 1884, p. 43). In Falkenstein the treat- 
ment was called the “permanent or continuous fresh air treatment.” 
In order to carry it out, special arrangements were necessary. There 
was constant friendly intercourse between the physician and patient. 
There was hardly any change of weather which could not be rendered 
profitable to the patient. On a sheltered terrace, between two wings 
of the main building, airy glass pavilions and rotation pavilions were 
built. In these there were about ninety lightly upholstered, bamboo 
lounging chairs, on which patients with suitable covering passed the en- 
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tire day except when at meals and walking. All patients lived in the 
open air in all changes of weather, even in heavy fog, snowstorms and 
cold at 10° and 12° below zero. Only those confined to bed and to the 
house by intercurrent accidents or by severe illnesses were excepted. 
As a consequence of this prolonged winter air therapy, results were 
astonishing. 

During the winter months particularly zealous patients passed from 
ten to eleven hours of a so called medical day in the open air. Of these 
there were only a few, probably about six per cent. Eight per cent passed 
over nine hours daily outside, eight per cent over eight hours, eighteen 
per cent over seven hours, eighteen per cent over six hours, twelve 
per cent over five hours, etc. Only a very few were entirely confined 
to the house on account of advanced disease. There were also only a 
very few who did not ask for the treatment; these were the highly 
anemic patients and those with certain forms of continued fever, who 
were susceptible to chills and high temperatures from even the slightest 
influence of cold. 

Five to six hours in winter was the average for the majority of the 
weaker patients and those with fever. On account of chills the latter 
were only able to begin their open air treatment in the afternoon. As 
a result their treatment ended late in the evening. Behind the beds, 
arranged in long rows along the walls of the pavilions, gas jets and lamps 
with reflectors were put up, so that the patients were able to read and 
write, or play light games. The winter day was often ended at about 
ten o’clock in the evening and the patient then returned to a cool, thor- 
oughly aired, sleeping room. Dettweiler particularly emphasized the 
surprising tolerance of the patients against inclement weather and the 
remarkable diminution in cough and increase in metabolism and also 
what seemed to be a favorable influence on the fever. When delicate 
patients began to exercise they were allowed to walk not longer than 
fifteen to twenty minutes without stopping. 

Since Dettweiler was the first to emphasize the fact that phthisis can 
be successfully treated anywhere, I will go a little more fully into his 
views. He did not say that every climate, or every change of weather 
at every location, could be utilized equally well to treat phthisis. Places 
vary so far as opportunities for catching cold, the possibility of the daily 
use of fresh air, and the greater or less stimulation of metabolism are 
concerned. Up to a certain point one can create a local climate, 
by proper clothing and by building suitable structures; and one can 
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cure the disease in every pure, fresh air, best of all in mountain and forest 
air. The most diverse forms of phthisis occur in every season of the 
year. The traditional law of the special usefulness of particular cli- 
mates was opposed to Dettweiler’s experience, and he became convinced 
that the treatment of phthisis depended fundamentally upon something 
else than climate, namely upon the individuals and the manner in which 
they make use of conditions around them. 

Dettweiler’s views with regard to breathing and mountain climbing 
exercises are very important. He said that in ordering deep breathing 
and mountain climbing, one frequently proceeds in a general way and 
allows patients of all stages of the disease to choose their amount them- 
selves. The lungs are apt to be exclusively considered. We must not 
forget, however, the very close relation between the organs of respira- 
tion and those of the circulation. The dependence of one upon the 
other is so great that functionally they must be considered together. 
Every change in the condition of one is reflected immediately in the 
behavior of the other. Purposeless mountain climbing, which is too 
frequently ordered in an indefinite way, not sufficiently individualized, 
and still more frequently carried out in a senseless manner, may have 
very harmful results on the heart and diseased lung and the entire 
organism. In hill and mountain climbing we do not have increased 
work on the part of the lung, which is really only a gas filter. It does 
not work of itself: it also does not tire, and its relative lack of nerves 
points to its passive condition. Its function results from the work of 
other organs, and we are dealing with the work of the entire muscular 
system, above all that of the heart and thoracic muscles, fatigue of which 
is immediately manifested by local and general disturbances, particularly 
of the central nervous system. Every year he had to deplore well marked 
cases of overexertion of the heart as a result of misused athletic feats, 
which to the healthy person might seem inconceivably small, and this 
in spite of the most firmly enforced orders. , 

During the first periods of treatment he allowed his patients rather 
too much than too little rest. If there was heart weakness and high 
grade anemia, every exercise was limited to what was most necessary, 
intensive rational nourishment was given to the patient, and the entire 
day was passed on a comfortable bed in the open air, in the shade, and 
sheltered from the wind, or else in the winter garden. Mild fatigue of 
the heart muscle often first showed itself after the first smaller climbing 
exercises had made the patients bolder. 
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Exertion shoula be followed only by pleasant after-effects, and a 
gradual increase in exercise should only be allowed in such cases, and 
according to the principles rather more often and shorter than less often and 
too long. If after a walk there should occur pallor with slight cyanosis, 
tendency to dizziness and to yawning, mild tightness of breathing, 
feelings of discomfort and a more or less troublesome sensation in the 
region of the heart which will be described differently by every patient, 
with frequent loss of power of the heart action, absolute rest should be 
immediately ordered. All further attempts at walking must be forbidden 
if even a single one of these symptoms be distinctly marked, or are 
present even by way of suggestion. A single severe fatiguing walk into 
the mountain which a patient may take too soon, in the glad feeling 
of returning strength, often throws him back completely. Some- 
times the injury is adjusted by some days of greater rest. The ill result 
occurs more frequently with women than with men, since with the 
former the condition of anemia and heart weakness occur more fre- 
quently. 

Deep breathing should always be employed in great moderation and 
should depend upon the condition of the heart and disease of the lung. 
At very frequent intervals during the day, the patient should take 
single deep breaths with closed mouth. While walking and going uphill 
patients were instructed to take from six to eight deep respirations, at 
intervals of one to two hundred paces, in such a way that two to three 
steps be taken for inspiration and the same for expiration, according 
to the capacity of the lungs. This must be discontinued for a day if 
there be chest pains which are of muscular origin, or from the tearing of 
adhesions. If there be a feeling of dizziness and tightness in the breast, 
one can also conclude that the patient has done too much. The power 
to breathe deeply gradually increases and the patient observes that 

he can do his exercises without palpitation and more frequent breathing. 

The value of deep breathing lies not only in the ventilation of the lung, 
in the acceleration of gaseous changes, and in improvement of the cir- 
culation, but in many in strengthening the thorax muscles, particularly 
those of the upper aperture. . 

Dettweiler’s bed rest treatment of fever was very thorough (Die 
Therapte der Phthisis, P. Dettweiler, Verlag von J. F. Bergmann, Wiesbaden, 
1887, p. 27). He used continuous rest treatment in the open air to- 
gether with supéralimentation. The mouth was used to measure the 
temperature. He found that the other methods of measuring tempera- 
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ture, for instance the rectal method, caused great inconvenience and in- 
terrupted the cure. For all practical purposes mouth measurement was 
sufficient. Upon the first outbreak of fever, especially if it was of an 
inflammatory character, he employed absolute bed rest, usually preceded 
by the administration of a diaphoretic. 


While Brehmer is the great outstanding figure in the modern treat- 
ment of pulmonary tuberculosis, we would be reluctant to place Dett- 
weiler second in importance to him. In my judgment, Dettweiler had 
a far greater grasp of the treatment than had Brehmer. The latter, 
however, was the pioneer and gave the first impetus to treatment. At 
present, I think our technique in carrying out rest and exercise treatment 
has improved on Dettweiler’s, yet very, very little has been added to 
fundamental principles as laid down by him. 
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TERMINAL OR CACHECTIC EDEMA IN THE COURSE 
OF PULMONARY TUBERCULOSIS 


W. S. DUBOFF anp CASPER MARKEL 
From the Sanatorium of the Jewish Consumptives’ Relief Society, Edgewater, Colorado 


Observing pulmonary tuberculosis in its terminal aspects, one cannot 
help but be impressed by the frequency of an edema which cannot be 
pigeon-holed in the orthodox classification. Presumably the edema of 
advanced cancer, of Hodgkin’s disease, of the primary blood dyscrasias, 
or of prolonged cachexias from any cause, is of this same, puzzling type. 
Our personal experience has been solely with the terminal dropsy of 
advanced phthisis. We realize that in the course of pulmonary tuber- 
culosis the classic edemas may appear, disappear and reappear as a result 
of well-defined nephritides or cardiac decompensation. With these more 
or less well understood types we are not, however, concerned. We are 
interested in a phenomenon so often associated with approaching dis- 


solution, that experienced consumptives who have lived a protracted 
sanatorium existence have themselves learned to recognize and dread 
it. 

As a result of close clinical observation, we have divided our terminal 
edemas into three groups: (1) cardiac, (2) nephritic and (3) agonal. 


(1) The Cardiac Group: Our experience with this group has been 
limited. Its members have formed a small minority of our cases. The 
patients have usually been suffering from tuberculosis for a long time. 
There has been considerable pulmonary retraction, more extensive on one 
side. Pleuropericardial adhesions have caused displacement to the more 
affected side. Definite evidence of cardiac failure manifests itself with 
cyanosis, dyspnea, orthopnea, and edema. The swelling may begin in 
the legs or it may be generalized from the onset. The characteristic 
symptoms are cyanosis and dyspnea. Cyanosis in uncomplicated 
pulmonary tuberculosis is uncommon. The dyspnea of cardiac failure 
is characteristic. The patient is obviously, actively panting for breath: 
his breathing is labored. Dyspnea in pulmonary tuberculosis is a 
relatively mild affair. It may scarcely be apparent that the respira- 
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tions are accelerated, and the patient may be disturbed only on exertion 
or when the atmosphere is cold. Arhythmia is, of course, strongly 
suggestive of a myocarditis, but in our experience arhythmia is rare. As 
for cardiac hypertrophy, we have never seen a frank instance in our 
tuberculosis patients, in spite of the frequency of pericardial adhesions 
and cardiac displacements. 


(2) The Nephritic Group: Because the edema in this group of cases 
means the beginning of the end, no matter how long drawn out, it must 
be included with the terminal edemas. The patient has been sick for a 
long time; for years perhaps. His illness has pursued a sluggish, chronic 
course, with pulmonary lesion of the fibroid type. The urine has 
repeatedly shown the presence of albumin in goodly quantities, with 
perhaps a moderate number of hyaline and granular casts. It then 
becomes obvious that the patient’s legs are swelling. They are swelling 
slowly. He feels well, perhaps, and is ambulant. So slowly does the 
edema develop that it soon ceases to pit on pressure and assumes rather 
the character of a brawny induration. These patients last many, many 
months; but eventually they become bedridden, develop anasarca and 
finally die of asthenia. We can recall no case that exhibited uremia. 

This group differs from the ordinary picture of chronic parenchymatous 
nephritis in several respects:*(1) it is not associated with clinically 
profound cardiovascular changes; (2) the edema is a gravity edema such 
as is commonly linked with cardiac decompensation, and (3) uremia is 
rare if it occurs at all. These differences are sufficient to take this 
peculiar group out of the classical category. 

What is the pathology of the kidney in pulmonary tuberculosis? 
In this connection we can do no better than repeat the frequently cited 
observations made by Walsh (1) in a careful study of the kidneys at 
autopsies on 196 tuberculous patients: 


Actual renal tubercles were found in 57 cases (53.8 per cent). Amyloid 
kidneys were found only 7 times (6.6 per cent) and always associated with 
amyloid changes in other organs. Of the nephritides, the following were 
found: acute nephritis, shading from cloudy swelling to marked acute diffuse 
nephritis, 56 cases; chronic parenchymatous nephritis, 36 cases; chronic 
general interstitial nephritis, 12 cases; and chronic focal interstitial nephritis 
79 cases. 


It is noteworthy that Walsh found no instance of chronic general 
interstitial nephritis due to chronic passive congestion (cyanotic 
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niduration). He emphasized the tendency of phthisical patients to 
exhibit local scleroses of the kidney rather than widespread interstitial 
change. 

If we return to a consideration of the edema in these cases, we find 
that the swelling begins in the legs and extends up the body, thus simulat- 
ing the edema seen in heart failure. How can this be explained?. It 
is apparent that disturbed kidney function depends upon the site, extent 
and rapidity of development of the lesion. Rapid, widespread kidney 
lesion results in more or less sudden and complete shutting off of water 
elimination. Slow damage to kidney function causes gradual accumula- 
tion of fluid in the tissues—a sort of very mild anasarca which is not 
apparent because it is slight. ‘The influence of gravity can then come 
into play and the fluid seeps through the tissues to the ankles where 
swelling first becomes manifest. In chronic interstitial nephritis ter- 
minating in the cardionephritic complex, any purely gravitational edema 
of renal origin is overshadowed by that resulting from cardiac failure. 
Moreover, in this type of nephritis, the parenchymal changes are so 
slight that full function may persist for a long time. 

Patients with terminal edemas due to nephritis live a surprisingly 
long time in spite of the low renal function; for eleven months, in one of 
our cases. 


(3) The Agonal Group: This is the most common, most complex and 
most interesting of the terminal edemas. The clinical picture is sharply 
defined. A phthisical patient has been gradually, though obviously, 
succumbing to his illness. For weeks or months he has been bedridden, 
or partially bedridden, with irregular, intermittent or continuous fever 
and the supervention of a profound cachexia. There have been no 
definite cardiac or renal symptoms. Suddenly the patient announces 
that his legs are swelling. It is usually the patient who makes the dis- 
covery. A routine urinary examination at this time may or may not 
show the presence of albumin and casts. The edema commences most 
commonly in the loose tissues below the malleoli and over the dorsum of 
the foot. Less commonly it commences in a puffiness of the face. It 
may be present one day and gone the next. Soon, however, it persists. 
It involves one or both ankles, usually both. The swelling can be made 
to diminish or disappear entirely by elevating the extremities. If the 
patient lives long enough the edema may extend up the legs, thighs, 
abdominal wall and back. Edema of the abdominal wall may become so 
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extensive that it suggests an ascites. But ascites is uncommon. When 
it does occur, the effusion may be opalescent or chyloid in appearance. 
In advanced anasarcas, the effects of gravity may be plainly manifest, 
dependent parts being swollen out of all proportion to the rest of the 
body. These patients, as a rule, die long before developing general 
anasarca. In most cases, the swelling is limited to the ankles and per- 
haps over the sacrum. 

Urinalysis may or may not show albumin and casts. In 115 cases of 
edema, in the course of pulmonary tuberculosis, collected by Mont- 
gomery (2), only 36.5 per cent showed albumin. Must we therefore con- 
clude with that author that the explanation of the edema must rest on 
grounds other than renal? 

The absence of albumin and casts does not necessarily exonerate the 
kidney. Thanks to the excellent researches of Hedinger and Schlayer 
(3) on kidney function and Mosenthal’s simplification of the technique 
(4), making it available clinically, we have been able to study our edema 
cases from a new angle. Definite evidence of changes in renal function 
can often be obtained when anatomic lesions are not demonstrable in 
the form of albuminuria or the shedding of casts. Our edema cases, 
whether they were associated with an obvious nephritis or not, showed 
definite functional changes, notably in a loss of specific gravity flexibility 
and a deficient elimination of chlorides. Our results with the renal 
functional test in terminal edema confirm the findings in two cases 
investigated by Mills and Henderson (5). While these findings were 
constant in all of our agonal edemas, we must not overrate them and 
hastily condemn the kidney on the basis of renal functional tests. In 
some respects ‘“‘renal function” is a misnomer as applied to the two-hour 
test. Even with characteristic findings the fault may not be in the 
kidneys primarily. Mosenthal has shown that the same picture of 
fixation of specific gravity and diminished excretion of fluid and salts 
occurs in cardiac decompensation and other extrarenal conditions. 
Under these circumstances, the fluid and salts never reach the kidneys; 
hence these substances cannot be eliminated. 

We have noted that in the agonal group the edema apparently begins 
in the ankles and extends up the body. To what extent is the picture 
cardiac? Doubtless the heart shares in the damage caused by the toxe- 
mia of progressive phthisis. Undoubtedly, recognizable anatomic 
changes are present in the myocardium. But we must not hide behind 
the convenient but often meaningless diagnosis of myocarditis. To 
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paraphrase Krause, myocarditis may “really explain a lot if you have 
outlived your youthful insistence for sharpness, clarity and definiteness. ”’ 
In our agonal group of terminal edema the picture is not cardiac by any 
stretch of the imagination. Edema of cardiac origin can only result from 
failure of the circulation. Where are the concomitant symptoms: 
labored breathing, orthopnea, cyanosis and chronic passive congestion 
of liver and spleen? If there is a clinically worth while myocarditis, 
how can we account for the singular absence of arhythmia? It would 
therefore seem that we can definitely rule out the heart as an important 
causative factor in agonal edema. 

Aside from the heart, other extrarenal influences, which might be 
responsible for a failure to eliminate fluids, are the lymphatic circulation 
and changes in the body tissues. Given an adequate circulation of the 
blood and there will be little reason to suspect failure of the lymphatic 
circulation unless there is definite obstruction. If the lymphatics were 
primarily at fault we might reasonably expect the more frequent ap- 
pearance of ascites. The chyloid ascites sometimes noted resembles 
chylous ascites only physically. The effusion is characteristically free 
from fat, the peculiar opalescence being probably due to lecithin bodies. 
Subcutaneous injections of phenolsulphonethalein were rapidly absorbed, 
carried into the circulation and often rapidly eliminated by the kidneys 
in some of our agonal edema cases, thus exonerating the lymphatics, 
the heart and the kidneys in so far as the absorption, transportation and 
excretion of dye are concerned. It is possible that waterlogging of long 
standing may interfere with the lymphatic circulation secondarily. On 
the whole, we feel that the lymphatics play a minor réle, if any, in the 
production of terminal edema. 

Apparent renal failure may be secondary to changes in the tissues 
themselves. In the past few years, biochemical studies, notably those 
of Fisher (6), have demonstrated that colloidal substances under certain 
circumstances possess the property of imbibing water. If gelatin be 
placed in water it will absorb a certain quantity and swell: if this water 
is slightly acidulated, the swelling is markedly increased. If the eyeball 
of an ox be placed in water moderate swelling occurs: if the water be 
acidulated the eye soon becomes tense to the bursting point. If the 
leg of a frog be ligated tightly above the knee and placed in water, marked 
swelling of the ligated limb occurs after from twelve to twenty-four 
hours: a similar experiment with a dead frog results in the swelling of 
both limbs, in fact, of the entire body. The human body, left in water 
after death, becomes markedly edematous. 
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A relationship between these experiments and clinical edema is sug- 
gested by the fact that edema fluids have been found acid even to such 
a coarse indicator as phenolphthalein; by the presence of an increase 
in the carbon dioxide of the blood and the appearance of abnormal acids, 
in the urine lactic acid, for example. 

In our agonal group of cases we can apparently rule out the heart, 
kidneys and lymphatics. These patients are usually profoundly toxic, 
while aeration is defective as a result of lung destruction and perhaps 
also because of a sluggish, low-tension circulation. Whether a state of 
acidosis exists remains to be determined and results will be reported in 
a subsequent paper. At any rate, we would appear justified in suspect- 
ing predissolution disturbances in the tissue metabolism, resulting in 
the production of acid or other bodies favoring the conversion of hydro- 
phobic colloids into hydrophilic colloids. The end result is an edema 
varying in intensity with the degree of tissue injury. The edema may 
be so slight that it may not be obvious except in dependent areas. As 
a matter of fact, there probably exists a state of anasarca from the very 
start, but not obvious until there is sufficient accumulation. Even in 
marked cases one can get parts of the body free from edema by elevating 
them. It is a common experience to see one limb markedly puffy while 
the other shows not a trace of edema. And this phenomenon is reversible 
by a change in position of the patient. } 

We have shown that there is a constancy of renal function in the agonal 
edemas,—fixation of specific gravity, chloride and water retention and 
usually a nocturnal polyuria. But this may be secondary to generalized 
tissue change—and may also explain the absence of any pathological 
changes in the kidney on postmortem examination. 


STATISTICAL AND FUNCTIONAL RENAL STUDY OF THE TERMINAL EDEMAS 


In consulting the histories of 181 patients who died in the Sanatorium 
from the beginning of 1916 to October, 1919, we find that 17 developed 
an edema shortly before death. But we must include in this record 
2 cases which became edematous while at the Sanatorium and are known 
to have died shortly after leaving the institution. Roughly, then, about 
10 per cent of all our deaths are associated with a terminal edema. In 
addition we have studied 6 cases, still in the institution, but which, 
for prognostic reasons, may be considered as terminal edemas, thus 
bringing our total to 25. 
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Of the total number, 4 may be classed as cardiacs and 9 as nephritics, 
while the remaining 12 belong distinctly to the agonal group. The most 
long-lived were the nephritics averaging six months (lowest, six weeks; 
highest, 11 months). The cardiacs averaged three and one-half months, 
while those of the agonal group averaged two and one-half months. Of 
the 19 cases that died, 9 had general anasarca (3 with ascites), while in 
10 the swelling was below the knees. Of the 6 cases in the house, 1 
has a large ascites and a general anasarca, 1 has puffy face and ankles, 
while 4 are edematous only below the knees. In the total of 4 ascitic 
cases, 3 were of the chyloid variety. 

It is interesting that in 2 of the cardiac cases there was a rapid, general 
anasarca resembling that of acute nephritis. 

Amyloid liver was diagnosed in 4 out of the total of 25 cases. In 
3 the liver was moderately enlarged and hard, with surface smooth and 
edge regular, thin and not lower than the umbilicus. In 1 case the liver 
was enormous, reaching from the fourth interspace to the right iliac 
region, with marked bulging of the lower ribs and epigastrium. Un- 
fortunately, we were unable to secure permission for autopsies on any 
of these cases. The spleen was probably enlarged in 2 cases although 
palpation was confusing because of the enlarged left lobe of the liver. 

Functional renal tests were done on 11 terminal edema cases and on 
10 controls. The patients were put on a regular house diet, with the 
addition of a glass of water every two hours and the administration of 
two 10 grain capsules of sodium chloride after every meal, beginning with 
the evening meal of the day previous to the test. A specimen voided at 
8 a.M. was discarded. ‘Two-hour specimens were then collected up to 
and including 8 p.M., and a night specimen was obtained from 8 P.M. 
up to and including 8 a.m. Each specimen was measured, the specific 
gravity taken and an estimate made of the chloride excretion in the total 
day and total night urines, using the Volhardt method. In all but 6 
a phenolsulphonephthalein renal function test was done. 

In all but 1 of our terminal edema cases there was more or less fixation 
of the specific gravity from two to five points, the nephritic cases running 
on a somewhat lower specific gravity level than the agonal group (1015 as 
compared to 1020). In one definitely nephritic case there was a specific 
gravity variation of nine points. All showed a drop in the specific 
gravity of the nocturnal specimen as compared to the day specimen, and 
a relative nocutrnal polyuria. The total fluid output was moderately 
diminished, averaging 1200 cc. in twenty-four hours, the fluid intake 
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being 1700 cc. In one case a polyuria resulted (2100 cc.) which was 
chiefly nocturnal (1500 cc). The phenolsulphonephthalein excretion was 
diminished in all but 2 of the edema cases, both exceptions being in 
nephritic types. 

Functional renal tests were not done on the 4 obviously cardiac cases. 
In the agonal and nephritic groups, change in the renal function was 
constant. ; 

We have seen that renal failure may develop insidiously in old fibroid 
patients running a sluggish, often apparently inactive, course. In the 
presence of this continuous, low grade toxemia, can such supposedly 
quiescent cases really be considered quiescent, and would not periodic 
functional renal tests cast some light upon the prognosis? 


SUMMARY 


The terminal edemas of phthisis present themselves in three clinical 
groups: (1) cardiac, (2) nephritic, and (3) agonal. The cardiac group 
is a small group in which the edema may simulate the rapid anasarca of 
acute nephritis, or appear slowly with an accumulation in the ankles, 
gradually extending up the body. In this group we should insist on 
definite evidence of cardiac failure. The nephritic group occurs most 


commonly in chronic fibroid cases of long standing with apparently 
latent pulmonary lesions. ~The characteristic renal change is focal 
sclerosis. The gradual failure of the kidney to eliminate is the probable 
explanation of an edema simulating the cardiac type. The agonal group 
of edemas is probably caused by predissolution metabolic changes in 
the tissues themselves, resulting in the conversion of hydrophobic into 
hydrophilic colloids. The kidneys show secondary changes in function. 
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SOME CONSIDERATIONS REGARDING THE DIAGNOSIS 
OF PULMONARY TUBERCULOSIS! 


DAVID A. STEWART 


Manitoba Sanatorium, Ninetie, Manitoba 


The great clinical teacher, Gee, had a saying that the first part of 
medicine was Diagnosis, the second, Diagnosis, and the third, Dracnosis. 
This saying is perhaps less applicable to pulmonary tuberculosis than to 
most other parts of medicine, for here treatment seems a matter of greater 
importance than diagnosis, and, perhaps, of greater difficulty. If one 
were to attempt the ungracious task of judging where and how his medi- 
cal brethren come short, it would, I think, be found that more mistakes 
are made in the treatment of pulmonary tuberculosis than in diagnosis, 
and more in prognosis than in both together. However, whether in 
first or second place, any discussion of diagnosis, if well informed, must 
always be fruitful. 

The means and instruments at our disposal are constantly changing 
and our modes of thought as well. Many of us who have been thinking 
tuberculosis for ten or fifteen years, that is, a medical generation, have 
considerably changed our working ideas. It is not so much that we have 
discarded facts and opinions of ten years ago as that we have rearranged 
them and place the emphasis differently. We look at the old and new 
facts from a new direction. 

Ten years ago the burden of all papers on diagnosis was that it should 
be made early and ever earlier: now the burden is thai the diagnosis should 
be made accurately and ever more accurately. Heavy at that earlier 
time was the judgment upon him who failed to make the diagnosis 
when it should be made, but much lighter, fortunately for many of us, 
upon him who made the diagnosis when it should not have been made at 
all. Tuberculous infection, considered to be almost universal, was not 
always clearly distinguished from tuberculous disease, fortunately by no 
means so universal. With a background of almost universal infection 
we were inclined to fill in gaps in the outlines of disease in the fore- 
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ground. Tuberculous was easily presumed, and the onus was on him 
who would wn-make, not on him who would make, the diagnosis. If 
we missed the bull’s-eye, or even the actual target, we had some satis- 
faction in having at least hit the barn door upon which it hung. 

The pendulum has ‘swung far, possibly too far, in the other direction. 
Perhaps we have become too critical of proofs of diagnosis in a disease so 
insidious in its onset as tuberculosis. There is some sign of a return 
swing, of a fuller appreciation of the almost imperceptible gradations 
by which latent and potential disease may become actual and active 
disease. But, however our views may change, the extra emphasis placed 
during the past few years on accuracy in diagnosis has meant great and 
permanent gain. 

Three causes or three teachers have had chiefly to do with helping or 
driving us toward closer diagnosis: first, the war; second, the pestilence— 
the influenza epidemic; and third, the fuller application of the X-ray 
to chest work. In the period of enlistment the closest possible diagnosis 
was necessary, that the unfit should not be driven into service and that 
the fit should not be allowed to shirk. And soldiers came back from the 
war with so many kinds and combinations of pulmonary disabilities, that, 
after a period of bewilderment, we grew, perforce, to differentiate better. 
We were taught in spite of ourselves. And when we began to see our 
way a little through the pseudotuberculous conditions following war 
service, to these were added the various dregs of influenza, even more 
bewildering. Fortunately we had, in the improved and more fully ap- 
preciated X-ray plate, a new ally, which not only helped in diagnosis 
and checked our findings through other methods, but also taught us 
widely and deeply regarding pathology. 

It was said by the Greatest of Teachers that ‘‘An evil and adulterous 
generation seeketh after a sign.”” Physicians, though not an evil genera- 
tion, do certainly seek after signs, clear marks of disease, means of auto- 
matic diagnosis, easy shortcuts. History taking is laborious, physical 
examination time-consuming, and judgment difficult. The hopé we 
have of each new measure is that it will make the diagnosis more 
easily and directly, announce a result like handwriting upon the wall, or 
bring a sure decision from the laboratory worker by return mail. But 
to this wise generation of ours, as to the simpler one of older days, signs 
that are easy, clear-cut, automatic and fool-proof have been vouchsafed 
very rarely. The best a new procedure can do is to enable us to make 
our diagnosis surer and earlier, even if not easier. The easier the diagno- 
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sis the less usually is its value and the worse the prognosis. When the 
neighbors can make a diagnosis from across the street its value is about 
nil and prospect of recovery about the same. ‘The diagnosis in pulmonary 
tuberculosis is not made more easily than it was ten years ago, but it is 
made more accurately and is of greater value when made. 


HISTORY 


If a choice had to be made of one element only in the diagnosis, the 
choice would be not physical examination, nor X-ray plates, nor labora- 
tory tests, but history. Perhaps the pen is mightier even than the 
stethoscope. 

The history must be a full one. If a man suffers from a broken leg 
or a child from scarlet fever the significant history elements are few and 
easy to get, but the beginnings of tuberculosis are involved in all a man 
has ever been and done; in his parentage, associates, housing, work, 
play, habits, wages, temperament, nationality, social conditions and 
travels to and fro. It is a part of all that he has met. 

Twenty years ago family history was considered important because 
hereditary transmission was believed in. It is important now, though 
hereditary transmission is not believed in, because of family contact 
which is the earliest and most constant, and also, perhaps, because of 
inherited predisposition. 

There is no more important element in the history than the record of 
previous illnesses. Acute respiratory diseases of all sorts; “colds,” 
grippe, “flu,” which are easily confused with tuberculosis, or may very 
definitely open the door for tuberculosis; typhoid fever which gives some- 
thing like a double chance of tuberculosis breakdown in the five years 
following attack, and for which acute tuberculosis has often been mis- 
taken; digestive disturbances and nervous conditions which may be con- 
fused with, or be symptoms of, or may definitely lead to, tuberculosis 
breakdown; pulmonary diseases of all sorts—pneumonias, pleurisies, 
asthmas, spells of hoarseness, all must be canvassed and recorded. 

While in most diseases the time of infection and the time of onset of 
symptoms are separated by a brief and fairly constant interval, in tuber- 
culosis the interval may be a few days or two score years. This interval 
must be reconstructed, filled in, charted, the events pieced together by 
careful enquiry, and the course of the disease thus outlined. The date 
of earliest manifestation is most important. It is remarkable, once the 
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diagnosis is made, how many old slight illnesses can be strung on the 
tuberculosis string. 

General conditions, social, industrial, community and personal, have 
already been mentioned. A most important enquiry, even with diagno- 
sis in view, is that with regard to work, amusement, recreation, rest, 
income and output of energy, and conservation or dissipation of strength. 
A chief cause of health breakdown is the overspending of energy, more 
usual in so called play than in work, more usual in unnecessary than in 
necessary effort, more usual after six o’clock than before it. Many 
so called recreations do not re-create, do not restore the balance after 
labor, but rather dissipate energy until natural fatigue after labor be- 
comes unnatural exhaustion after play. The social pace a woman sets 
herself, the amount of her nonessential activities, forms a much more 
important element in her history than the amount of her proper house- 
work or the diseases her grandparents died of. A carefully taken, 
searching, complete history gives an understanding of the general out- 
lines of the case and means both diagnosis and prognosis half made. 


SYMPTOMS 


In the days of not so long ago we spoke of pathognomonic signs and 
symptoms, but he would indeed be bold who would now say of any sign 
or symptom that it belonged definitely to tuberculosis. As Thomas 
McCrae pointed out, and as all agree, soldiers in the trenches had cough, 
expectoration, weakness, loss of weight, elevation of temperature, blood 
in sputum, night sweats, dulness on percussion and rales and pains in 
the chest, and yet were not definitely tuberculous. When all the 
classical symptoms of a disease taken together cannot definitely make 
a diagnosis, and yet each one is important, the difficulty of interpret- 
ing symptoms can be realized. 

Cough is such a classical symptom. It is not a big cough. The man 
who is “coughing his head off,” is likely nontuberculous or has a non- 
tuberculous complication. The man who clears his throat habitually, 
but denies that he has cough, or whose friends have noticed a slight 
hack becoming more frequent, is much more likely to be tuberculous. 
His cough will be more marked on rising in the morning, after meals, 
and on retiring, but this is characteristic of most coughs, and so scarcely 
diagnostic. And definite tuberculosis of the lungs can be present with- 
out a noticeable cough. 
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Expectoration (that is, of course, ex-pectoration, something out of the 
chest, and not postnasal or antrum discharge) in early stages is usually 
scanty, with a little yellow init. Mucoid or tenacious expectoration, 
profuse expectoration when there is no cavity, or in the absence of 
marked symptoms, profuse expectoration as the outstanding feature of 
the case, or bad smelling expectoration, are not typical of tuberculosis. 

Dyspnoea, usually slight, will likely be found in early tuberculosis 
in proportion to impaired strength, lassitude and toxemia, rather than 
in proportion to destruction of tissue. It may be more noticed at an 
early acute stage than at a moderately advanced, more chronic stage. 
Marked dyspnoea, when the general condition is good, and dyspnoea 
as the prominent symptom, point rather to nontuberculous than to 
tuberculous disease. The man who tells you he finds his breath short 
when running to catch a car may be tuberculous, but the man who is 
short of breath on an ordinary walk, with other signs or symptoms not 
marked, likely is not. 

Freer perspiration than usual—often associated with overclothing— 
is of some diagnostic value. Such will often be wrongly described as a 
night sweat. The real night sweat, toxic in origin, cold, clammy, drench- 
ing and bad smelling, is a text book symptom, is rare in even advanced 
cases on a proper routine of rest and in the open air, and is of no use in 
diagnosis. 

A characteristic rise of temperature is most useful in diagnosis of early 
tuberculosis. To go through the form of taking the temperature is 
easy; to make the necessary allowances and draw the right conclusions, 
to estimate correctly the body heat of the patient, is by no means so easy. 

There is no normal temperature, but varying normal temperatures 
for different individuals, ages, temperaments, sexes and races, times of 
the day, occupations. There are differences before and after meals, 
before and after sleep and in women at different phases of the menstrual . 
cycle. There are added difficulties in that we are trying to measure on 
the outside of the body the temperature of the blood stream within, 
with thermometers of which few are instruments of precision. The only 
temperature-taking of real value in early tuberculosis is not at the 
clinic or the doctor’s office, but in a hospital ward or in the patient’s 
own home, with a good thermometer, held in the closed mouth twenty 
minutes, at a considerable interval after meals, and after at least a short 
period of rest; taken at regular hours in the day for at least a week and 
the results recorded. As frequently taken, hurriedly, under excitement, 
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and without appreciation of conditions or allowances, in a doctor’s 
office, a temperature record cannot be much depended on, may be most 
misleading, and gives only approximation rather than exact men- 
suration. 

Even after a slight, persistent elevation of temperature has been 
established, other pathological conditions in bad teeth, tonsils, gall 
bladder or intestine, in thyroid hyperactivity or even simple consti- 
pation must be ruled out. 

In early tuberculosis the pulse rate becomes usually more rapid and 
excitable. Blood pressure is inclined to be low. Usually there is 
pallor and a flush, with a slight fever. An unusual sensitiveness to low 
temperatures is often noted, even if the body temperature is normal, 
the patient saying that he ‘‘feels the cold much more than usual.” 
Temperature variations about the menstrual time are more exaggerated 
in tuberculous than in healthy women. Jrritability and nervous insta- 
bility are not infrequently elements in the picture. Digestive disturb- 
ances are often early and confusing symptoms. Lack of appetite is 
often a lack of morning appetite, a disinclination for breakfast. Pati- 
ents with early tuberculosis are often ten pounds below their normal 
weight, and their normal about ten pounds below the normal for their 
sex, height and age. Weakness is better described as ‘‘ becoming tired 
or playing out more easily than usual.” Tiredness is frequently morning 
tiredness, disappearing in midday and felt again in the evening. The 
night has not been long enough to clear up the work toxins of the day 
plus the disease toxins. While lassitude is characteristic, it may alternate 
with unusual excitability and even exhilaration. The toxins can stimu- 
late cerebral activity. 


COMPLICATIONS 


Apart from symptoms proper, some conditions which might be classed 
rather as complications have a definite diagnostic value. In this-class 
is the ischiorectal abscess which in from fifteen to thirty per cent of 
its occurrence is tuberculous or associated with tuberculosis. 

Haemorrhage from the lungs occurs in nearly fifty per cent of cases of 
pulmonary tuberculosis and sometimes is the first noticeable symptom. 
As has been said, a haemorrhage may be the end of the beginning or the 
beginning of the end; that is, some early and some late, some diagnostic 
and some prognostic. There are other causes of haemorrhage, such as 
spongy gums, bad teeth, cardiac conditions, lues, vicarious menstrua- 
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tion, carcinoma, sarcoma, bronchiectasis, abscess, etc., but the outstand- 
ing cause of a frank haemorrhage of a drachm or more of blood, espe- 
cially in a fairly young person, apart from gastric ulcer, is tuberculosis. 
Shreds and streaks and clots of blood, which strike terror to the hearts of 
neurasthenics, are usually to be disregarded. 

Ten years ago pleurisy, especially with effusion, was as clearly diagnos- 
tic of pulmonary tuberculosis, almost, as hemoptysis. Ninety per cent 
or more of pleurisies with effusion were considered definitely tuberculous, 
and the others most suspicious. Pleurisy ten years ago wastuberculosis. 
Pleurisy to-day is—pleurisy. After all has been said, however, pleurisy, 
especially with effusion, and especially if recurrent, though not absolutely 
conclusive, is one of the most convincing elements in the diagnosis of 
tuberculosis. It should indeed make the diagnosis and determine 
the prognosis—unless an alibi can be proved. 

Disease in the larynx is secondary to disease in the lungs, but a husky 
voice is often the earliest danger signal of lung disease observed by the 
patient. Early laryngeal tuberculosis is better detected from below up- 
ward than from above downward, that is, the diagnosis should be made 
on very slight throat signs if the lungs are diseased. To wait for an 
unmistakable throat lesion is to wait much too long. 

Skin manifestations of tuberculosis, not lupus, but the various 
tuberculides, are rare and not well known. While the papulonecrotic 
type is pretty definitely a sign of tuberculosis, more usually of a hidden 
not very active focus, the erythema nodosum or induratum type may 
be, and likely is, associated with other conditions as well, tuberculosis 
supplying only one of the toxins by which it is excited. 


PHYSICAL EXAMINATION 


Physical examination is, always has been, and always will be, important 
but it is by no means the whole of diagnosis. Ten years ago it was 
overestimated, and papers on diagnosis were very largely considerations 
of elaborate methods of physical examination. Many diagnoses of that 
time, like inverted pyramids, poised unsteadily on their apices, and 
rested upon only slight variations in chest sounds. Basing an important 
judgment upon a slight variation from normal presupposes an exact 
and invariable normal which does not exist in the chest and a niceness 
in appreciation of physical signs which few attain. As many mistakes 
may have been made by the overvaluation of chest sounds as by their 
undervaluation. The best diagnostician is not the man with the keenest 
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ear and the most sensitive touch but the man of the sanest and best 
informed judgment. Diagnosis is a mental and not a physical process. 

Careful and methodical percussion has not been superseded by any 
of the newer methods, and is still of value. Auenbrugger’s chest thump- 
ing, to which his patients and friends submitted reluctantly, suffering 
soreness thereafter for days, has given place to a percussion very much 
gentler and at the same time more valuable. The finger receives more 
impressions than the ear. Unfavorable conditions, such as downtown 
street traffic, affect percussion much more than auscultation. 

Abnormal chest sounds are of two kinds, abnormal variations in sounds 
normally present in the chest and secondly, wholly abnormal sounds. 
In examination we first listen to sounds as they are on normal breathing, 
and then take special means of producing sounds. The most important 
of such measures, without which no examination is complete, is the 
production of rales in inspiration following cough after expiration. Af- 
ter we have listened to both ordinary and extraordinary sounds, we may 
enquire, first, if the sounds are sufficiently abnormal to show disease 
present, and, second, as to what disease is so shown. RéAles in the chest, 
even many moist rales, do not necessarily prove tuberculosis. A whole 
lung full of bubbling rales may indicate septic bronchitis due to diseased 
sinuses, and needs the care of a nose and throat specialist rather than 
treatment in a sanatorium. Certain crepitations, especially along bases, 
need not be pathological. As Lawrason Brown has well said, basal 
crepitations, even if pathological and fairly extensive, are to be con- 
sidered nontuberculous until the contrary is proved, while apical crepita- 
tions are to be considered tuberculous until the contrary is proved. 
Musical sounds in the chest are usually nontuberculous. Atypical 
rales are usually nontuberculous. The importance of any physical 
sign is increased by its persistence in one area. A onesided condition 
is more apt to be tuberculous than one which is bilateral. Signs and 
pains which wander are likely nontuberculous. Muscle sounds, shoulder 
joint sounds, heart sounds, pericardial sounds, the rub of the stethoscope 
on the chest skin or, still worse, on the chest hair are common sources 
of error. No sign is pathognominic. At the same time definite, 
localized, typical, apical rales are second only to bacilli in the sputum in 
definiteness. 

Auscultation, discovered by Laennec one hundred years ago, remains 
preéminent among methods of physical examination. 

Vocal resonance and fremitus, and the measurement of the chest, 
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give information rather for differential and late diagnosis. Physical 
signs should not be definitely stated to be absent until after a second 
examination. One is never entitled, even after a very searching examina- 
tion, to say “There are no abnormal signs,” but only, “I have found 
none.” A physical examination in a noisy downtown office with a dozen 
waiting patients cannot be satisfactory. The patient must be stripped 
to the waist and the lower costal margins be quite clear of all entangle- 
ment. Findings should be recorded, not only in order to make them 
available for later use and comparison, though that is most important, 
but to give the findings a clearer definition in the mind of the examiner 
at the time. ‘‘ Writing maketh the exact man,” in physical examination 
as in anything else. An examination recorded is worth twice as much 
at the time, and ten times as much in after-remembrance as one un- 
recorded. The pen and the stethoscope go well together. 

One who has not had opportunity for experience in the niceties -of 
physical diagnosis will make fewer mistakes if he usually, though not 
always, requires a definite click or rale before making the diagnosis. 
While the slighter variations that border on the imaginary are discounted 
much more heavily than they used to be, we should have as wholesome 
a regard as ever for the localized, persistent click, even slight, especially 
near the apex. 


THE ROENTGEN RAY 


When X-ray apparatus reached a perfection that made good stereo- 
scopic plates possible, medical men, still looking for a sign, and weary 
of the old routine, said ‘‘ Eureka!’ But while this new aid to diagnosis 
ranks with the stethoscope of Laennec and the Koch bacillus, it is not 
the automatic fool-proof sign we longed for. It is just one more witness 
come to court. 

The fluoroscope is especially useful in differential diagnosis and in 
estimating the results of pleurisies, the extent and significance of adhe- 
sions, and movements of the diaphragm, and for following the treatment 
by artificial pneumothorax it is invaluable. 

But in the diagnosis, especially of early chest conditions, the plate is 
the thing. And it must be a good plate, stereoscopic, and taken and 
developed by perfect and uniform technique. 

‘Given, then, the perfect plate, that is, the dream, what is the 
interpretation thereof? The plate is silent. It does not tell its own 
story. It shows shadows mingled and superimposed. It is as confus- 
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ing as the pathless forest to the lifelong denizen of city streets. It 
baffles and bewilders him. To the practised woodsman every turn of 
a leaf and every mark in the snow tells its story; to the man of the 
streets they tell nothing. Many a day will pass before. he knows the 
voices, the tracks, the haunts, the writing, and the laws of the forest in 
all their changing phases throughout the seasons. It has been said of a 
chest plate that it represents ‘‘a pitfall for the inexperienced, a problem 
for the trained observer, and a harvest for the charlatan.” 

It would carry one into a subject quite large enough for many papers 
to attempt to discuss details of X-ray diagnosis. One difficulty is that 
there is no such thing as a normal plate. Again, the plate records not 
only the pathology of present conditions, but to some extent every cold 
or grippe or bronchitis or old infection since the beginning of life. The 
extent and variety of shadows, thickened basal trunks, heavy hila, 
small opacities and haziness which can be present without proving pres- 
ent tuberculosis, are always a source of wonder to the beginner. What 
significance to allow to peribronchial thickening is always a vexed 
question. 

The plate does not make the diagnosis. It helps to make it. It is 
a witness, but not judge and jury. Those who best know chest plates 


are least dogmatic. The question as to which is supreme, the plate or 
the stethoscope, is beside the mark. They are complementary means 
of examination and most efficient when used side by side, so that the 
story of each may be called for alternately. Ancient history, and, 
at the other extreme, disease of the most rapid type, are better shown by 
the plate than by the stethoscope. 


BACILLI 


Ten years ago we were accustomed to say with much emphasis that 
a diagnosis made by finding tubercle bacilli in the sputum was made 
too late. By that time the earliest stages of the disease had been 
passed and one who had to wait so long was a bankrupt diagnostician. 
With the increased scepticism of recent years, however, and the greater 
difficulty in differential diagnosis since the war and since the influenza, 
the finding of bacilli has become more important than ever before. 
After all has been done, the diagnosis will in many cases be more or less 
in doubt until bacilli have been found. 

While the finding of bacilli about which there can be no question gives 
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very definite information, it cannot be too often or too strongly stated 
that a negative finding cannot unmake or interfere with a diagnosis. 
A sputum examination is not a chemical test; it is an exploration. When 
there is any reason for a sputum examination, there is reason to examine 
unto seven times and even unto seventy times seven and by many 
methods. One fish caught proves fish in the river, but ahundred failures 
do not prove no fish in the river. 

Brown has well said, ‘Failure to find and to interpret aright physical 
signs may be excused, but failure to ask for and examine sputum cannot 
be condoned.” 

TESTS 


Complement fixation, though it is said to give additional information, 
and to be another witness with circumstantial evidence to offer, does not 
seem to be as yet, at any rate, the sure sign looked for by this eager 
generation. 

The tuberculin test seemed for a time the certain sign looked for,—as 
plain as the handwriting on the wall. Then were found its limitations, 
that it gives much less than a complete automatic diagnosis, that it 
does not say unequivocally “yes” or “no,’”’ and cannot decide between 
tuberculous infection and tuberculous disease, tuberculosis old and 
historical, and tuberculosis present and active. It is really a measure 
of sensitiveness and that is about all. 

The uniform rather large dose of tuberculin, frequently given as a test, 
is a mistake. A reaction to ten milligrams is a very different matter 
from a reaction to one one-hundredth of that amount to one-tenth of 
a milligram. If we are measuring our patient’s strength it is more 
useful to know that he can be knocked down by a feather than to know 
that he can be knocked down by a club. It is the part of wisdom to 
try the feather first. A mild reaction to ten milligrams does not diagnose 
present active disease, does not show need of treatment, and is, in an ex- 
soldier, no basis for pension. A fairly marked reaction to a much smaller 
dose carries a different implication. Even if tuberculin cannot make 
out the whole case, when used as a measure of sensitiveness, with care and 
a full knowledge of its variations and limitations, it is a useful witness 
and should be called into court more often than it now is. 
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DIFFERENTIAL DIAGNOSIS 


That there may be difficulty in differentiation between early tuberculo- 
sis and other conditions such as anaemia, malaria, acute respiratory 
diseases, goitre, neuroses, postinfluenzal debility, etc., may be easily 
appreciated, but that the late stages present almost if not quite equal 
difficulty, or perhaps greater difficulty, may be to some a hard saying. 
McCrae and Funk in wards for far advanced tuberculosis cases in Phila- 
delphia found something like five or six per cent nontuberculous. It 
is doubtful whether many wards for far advanced tuberculosis cases 
would show as small a percentage of nontuberculous. 

As has already been stated, the war and the influenza epidemic have 
added to the difficulties of differential diagnosis. Among the confusing 
conditions are pleural infections of all sorts and degrees, empyemata, 
large and small in all sorts of pockets, with and without bronchial fistulae, 
and in all stages of repair, bronchiectases, pulmonary abscesses and other 
septic conditions, bronchopneumonic and pneumonic processes, bron- 
chial asthmas of many varieties and causes, the after-effects of gas 
poisoning, and the whole family of bronchial conditions characterized 
chiefly by dyspnoea, weakness, chest discomfort, emphysema and 
susceptibility to “colds.” 

Preéminently, the chest condition of the returned soldier who has 
seen much service is chronic bronchitis, associated in his mind more with 
service in England than with service in France. There is a general 
dulness on percussion, wheezy rhonchi and basal crepitations are heard, 
and plates show marked peribronchial thickening, especially at the 
bases. 

In making differential diagnoses among conditions characterized by 
pretty much the same signs and symptoms, the proportion of signs to 
symptoms or symptoms to signs becomes important. In nontuberculous 
conditions, usually, signs are more impressive than symptoms, the dur- 
ation longer, and general health in proportion to signs and symptoms 
better than in tuberculosis. The ordinary pigments red, yellow, blue, 
green, purple, in one combination make up a landscape, in another a 
seascape, in a third a portrait. So, a group of symptoms and signs and 
elements— cough, expectoration, dyspnoea, pain, wheezes, rales, chro- 
nicity—in one arrangement in one set of proportions makes a recogniza- 
ble picture of bronchiectasis, in another a plain picture of tuberculosis. 
The differential diagnosis is made by the characteristic grouping of 
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elements of diagnosis rather than by the mere presence or absence of 
elements. 

So far, the physician has been pictured as examining various witnesses, 
following clues, collecting evidence, investigating, piling up data. The 
patient had been put into the dock and crossquestioned as to all he ever 
was or did or suffered; from the physical examination the last fact has 
been extracted; the X-ray plates have been quizzed over and over; the 
sputum has been examined and reéxamined; tuberculin, it may be, has 
been brought in to give its evidence; and all the witnesses, small and 
great, who have anything to say, have said it. Many cases practically 
plead guilty, almost without trial, by showing bacilli in the sputum or a 
definite combination of elements of diagnosis. But in many cases—of 
which there seems to be an evergrowing number—the decision is in 
doubt. The physician then must be judge and jury, and the widest 
experience and the best diagnostic judgment he can bring to bear are 
by no means out of proportion to the task of reaching a verdict. Even 
then,—but we trust in an ever-decreasing number of cases as time goes 
on,—we must be satisfied with a probability diagnosis or the old cautious 
Scot’s verdict of “‘Not proven.” 
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THE PREVENTION OF TUBERCULOSIS BASED ON THE 
RELATION OF CHILDHOOD INFECTION TO TUBER- 
CULOSIS IN ADULT LIFE! 


ALLEN K. KRAUSE 


From the Kenneth Dows Tuberculosis Research Fund of the Medical Clinic of the Johns 
Hepkins Hospital and University 


Available data can hardly warrant an extreme position on the dictum 
that manifest, adult, human tuberculosis, particularly of the lungs, is 
the fruition of an infection acquired in childhood. Against the familiar 
facts that most city children become infected, that infection confers 
an immunity to reinfection, that infection is almost habitually notori- 
ously persistent and that primary outbreaks of clinical tuberculosis 
can frequently and with unexceptionable proof be shown to have emerged 
from a background of years-old infection can be opposed the equally well- 
authenticated circumstances that tuberculo-immunity is never more than 
relative, that it declines as lesions becomes more sclerotic and, therefore, 
less susceptible to activation, that tuberculous infection (lesion) is 
not necessarily permanent, that both experimental and clinical obser- 
vation prove that lesion may become sterile and thoroughly eradicated, 
that in this event immunity disappears, that the remarkable divergence 
of localization of pulmonary infection and disease suggests that the 
more peripheral lesions of adults represent reinfections from without 
if we would hold to the inhalation concept of lung infection, and, finally, 
that all animal experimentation proves, not that infected immunes can- 
not be reinfected, but that the results of reinfection are a modified 
tuberculosis, more localized, more chronic, yet on occasion still very 
protracted, as compared with the course of virulent infection induced in 
a nonimmune. 

Estimates, then, of what proportion of adults fall ill from post-puerile 
infection and what ratio from childhood exposure are usually founded 
on bias and imagination. We have no way of accumulating the evidence 


1Read before the Section on Child Hygiene, at the annual meeting of the American 
Public Health Association, New York City, November 17, 1921. 
Also published in The American Journal of Public Health, February, 1922. 
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that will give them scientific weight. No one has yet kept careful 
records from infancy to and through adolescence, of the ups and downs, 
the appearance, disappearance and reappearance, of the Pirquet reac- 
tion, that index of infection, in only ten of the millions of infected chil- 
dren. It may be that for longer or shorter periods we would find that a 
large proportion would exhibit nonreactivity, and therefore noninfection, 
where reaction and infection had been shown before; and further that 
many of these would later again give the test of infection,—in their 
case, reinfection. What little has been done in the way of prolonged 
and continued observation of the individual child’s response to infec- 
tion tests—and it is little enough—has been concerned with clinic children, 
most of whom were under observation for an infection which had become 
so well established, had developed to such a point, that illness or abnor- 
mality was noticeable; and we must admit that the possibilities of the 
subsequent course of infection in these children would be quite different 
from those of the very slight and presumably transient infections 
that might follow the almost negligible exposures which many others 
experienced. 

But all this is speculation, even though it attempts to take into ac- 
count compelling consequences of scientific observation and social and 
family relations; and would indicate, also, only one or two of many wide 
gaps of knowledge which must be filled before we may become too 
dogmatic about the obligate development of adult tuberculosis from 
childhood infection. 

Yet, that childhood infections are prolific breeders of adult tubercu- 
losis cannot be denied. Anyone who comes in contact with many adult 
consumptives needs no better evidence of this fact than good and thor- 
ough histories, which he has pieced together after adroit cross-examina- 
tion of his patients. Scores of these will satisfy every requirement laid 
down by the most uncompromising proponent of the puerile genesis 
of adult disease, and physical examination as it brings to light anatomic 
evidences of hidden, always silent and never-suspected residua, will 
not infrequently clinch past history. 

So much seems uncontrovertible. The limitations of time forbid 
the arrangement of reasons which urge belief in the truth of another 
proposition which is pertinent to my subject, the proposition that tu- 
berculosis infection, once established, responds to the tissue activities 
which are set in motion by all events which enter into human experience, 
or, more concretely expressed, that factors of environment and inherit- 
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ance through their effects on the tissues of the body and thus on tuber- 
culous lesions which the latter environ, exert a determining influence 
on the course of infection. Under their interplay, combination and 
balance, infection advances and retreats, comes to light as clinical disease 
or is dampened into inactivity or smoulders in obscurity, for longer or 
shorter periods, indolently or fulminantly, continuously or haltingly. 
Since the wellsprings of inherited factors are largely beyond our con- 
trol, these will receive scant attention; their effects are, moreover, 
modifiable by environmental factors. Therefore, within the short com- 
pass of this paper I wish merely to enumerate a very few of many meas- 
ures which would promise a reduction of that adult tuberculosis mor- 
bidity which develops from childhood infection, a few measures which 
may seem practicable of application. 

These measures would take the incident of infection for granted and 
proceed with the sole purpose of preventing at any time its development, 
or restricting this to a minimum. It is fair to assume that if all infec- 
tion were kept thoroughly inactive throughout the years of childhood 
it would become so sclerotic and well invested that practically no adult 
disease would develop from it and that, what is more significant, much 
more of it would completely die out. 

It should hardly be necessary to point out that, taking any population, 
or portion if it, in the mass, whatever tuberculosis exists in it will re- 
spond delicately and definitely to customs, habits, modes of life, econ- 
omic and civic conditions as these affect the housing, food supply, sani- 
tary facilities, working conditions, opportunities for recreation and 
employment of leisure, etc., of a community. If all these are compre- 
-hended in what we call public hygiene, then we shall find almost inevita- 
bly that where this is good and effective tuberculosis cases and deaths are 
relatively few, and where it is bad or ineffective they are many. 

This universally noted circumstance gives us the clue as toward what 
direction our efforts with children must take. And, without analyzing 
the factors which cause tuberculosis to reflect the state of public hygiene, 
I would point out more explicitly where our efforts should, it seems to 
me, be concentrated. 

Because the foundation is in existence, and much of the machinery is 
here, and there remain only details of execution to fashion and refine, 
it would appear that the schools, public, parochial and private, are the 
most promising media through which tuberculosis prevention is to be 
accomplished. There is at present much in the air in the way of plans 
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and programmes and design; much that is sound; but how widely do 
performance and execution fall short of what could be done! Almost 
every child still contracts measles, and all of them frequent colds; and 
in most instances these maladies originate from school exposure. Add 
to these the number of cases of preventable whooping cough and diph- 
theria and tonsilitis and sore throat which are passed around in school: 
and we obtain an enormous case aggregate of obviable causes, which 
in many instances have a good deal to do with bringing out manifest 
tuberculosis—in neck nodes and in lungs and thence to bones and joints 
and even meninges; or, it may be, in thousands of patients these inter- 
current infections give renewed life to tuberculous infections which were 
just about to die out and which, even though they caused no apprecia- 
ble trouble in childhood, acquire a new stability which carries them along 
for years more, and even into adult life. 

It was perhaps inevitable that our laudable legislation to compel 
attendance at school should increase the opportunities for the spread of 
communicable diseases and that the latter should outrun our efforts at 
control. But it is not so inevitable that we cannot catch up. Preven- 
tion of contagion—the means and skill to detect foci, the removal and 
segregation of carriers at the proper time, the keeping of weeds forever 
out of schoolrooms—means much more continuous and relentless atten- 
tion to duty than periodic attendance on the sick; it requires much more 
and better medical service, much more honest and enlightened officials 
and much better informed public opinion than now exist in most places. 
To keep five hundred school children, or less, reasonably free from pre- 
ventable and transmissible diseases might well require the full time 
of anactive physician. A political hack or favorite, such as the everyday 
run of doctor-politician, where he exists a man, as a rule, of uncertain in- 
come in practice and of little skill in the detection of disease, cannot and 
does not look after ten efficiently. The time is coming when this work of 
school physician is going to be done by only the very best men who are 
specially trained for this task, who give all their time to it, and who, as a 
corollary, are going to be paid accordingly. This is the goal which 
every health body should aim at, the end that it should speed. Let us get 
together and work harder than ever to do away with this endless suc- 
cession of preventable minor—and major—disabilities which stir up 
tuberculous infection in our children; it will mean big future dividends. 

There must be something in our manner of life which is producing the 
enormous incidence of diseased teeth, hypertrophied or incompetent 
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tonsils and adenoid growths in the nasopharynx in our children. At 
any rate, few reach ten years without some one or all three of these 
affections. Buccal and pharyngeal irritation or infection has, as is 
commonly observable, a peculiarly intimate effect on the cervical lymph 
nodes. And once we reflect that these nodes adjoin and drain the two 
major portals of entry of tubercle bacilli, that they are the most frequent 
site of clinical tuberculosis in children, that, for every case of manifest 
disease there are certainly several times as many infections, and that 
tuberculous infection within them is markedly affected by any disturb- 
ance of their normal function, we begin to realize how much healthy 
mouths and throats may mean in the prevention of tuberculosis. To 
attain maximum mass results in this respect we again have no better 
medium than organized prophylactic efforts in the schools; and my 
formula once more would be more school physicians, on full time and 
paid in a way to attract and demand the best talent; and, from the point 
of view of tuberculosis, a thorough appreciation on their part that the 
original excitant of tuberculosis in children is often a diseased mouth or 
throat. 

As more physicians become familiar with the masked and obscure 
manifestations of tuberculosis, which are met with more frequently in 
children than in adults, they will prevent many later and more serious 
outbreaks of the disease. Many children are coming to our clinic 
with minor eye affections, usually phlyctenular conjunctivitis. Some- 
times it antedates the appearance of tuberculous lymphadenitis or 
pulmonary disease, while at other times it occurs during the course of 
these; but in a good many it may exist alone and our experience leads 
us more and more to believe that an underlying tuberculosis is 
the etiological factor,—an opinion which is gaining wider and wider 
currency. 

Such cases of eye disease should be treated for their tuberculosis 
and not merely locally for their eyes. Taken in time and put under a 
modified tuberculosis regimen, they respond well and escape frequently 
the clinical evidence of more advanced infection. They are frequent 
among children, and their recognition and handling as tuberculosis 
constitute prophylactic work of the first order. There are, besides, 
other children who may exhibit their infection, for a time at least, only 
by skin eruptions, of which several are now pretty satisfactorily deter- 
mined as of tuberculous origin. Those who are taken in hand and treated 
for tuberculosis, and not allowed to go their way after the application 
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of ointments and powders, will again in many cases fall out of the ranks 
of future consumptives. 

The prevention of adult tuberculosis which quasitherapeutic institu- 
tions like the open air school, or schools adapted to the peculiar needs of 
delicate children, can do is incalculable: they will repay any amount of 
development. What children themselves assimilate from such move- 
ments as that of the Health Crusaders cannot be estimated; but the 
conclusion is inescapable that thousands will carry precept and practice, 
even though imperfectly, through childhood and into later life, and will 
translate into action and habit health practices which on occasion will 
turn the scale in favor of the continuation and permanence of the in- 
activity of long-standing infection. 
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